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Thb circumBtancea under which I was led to put forth this Miiuual 
of IiiBtructiona for testing and dealing with the yarious conditionB 
of viaion liable to be met with in persons Beeking employment, or 
abeady engaged, in military aervice, have been explained in the 
two previous editions of this work, whieh were publiahed in the 
years 1863 and 1874, and do not require repetition. SinM the 
second edition of the Manual was published, ao great have been 
the changes in some of the practical parts of optical manipulation, 
and auch advances have been made in respect to length of range, 
and capacity for accurate fire, in the weapons which soldiers now 
have to deal with, that many passages of the Manual of that ciale 
have become obsolet*, and the present edition has had to be leas 
revised than re-written. 

When the increased and increasing irapoitance attached to 
men becoming experts in the use of firearms of all descriptions at 
very long ranges is remembered, it may reasonably be expected 
tliat before long even greater attention will be given by all 
persons in this country wlio are engaged in military pursuits to 
queHtions of quality of eyesight, and that more information will be 
demanded on the subject from medical officers than has hitherto 
been required fi-om them. In the aimy, the firearm with wliich 
the infantry soldier has to become familiar is hia rifle, and this is 
an instrument which in pnuitice he can only use with thorough 
efficiency when he has visual power enough to enable him to see 
clearly the objects which he is required to aim at, and to form an 
accurate judgment of their distances, whatever may be the range 
over which the projectile discharged from it has to pass. A great 
deal of attention has been given of late years to improving the 
modes of instruction in musketry practice, and very recently im- 
portant changes have been made in it, with a view to insure 
perfection, not so mach in hitting a definite mark on a target, as to 
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ensure accuracy of aim under conditions similar to those which 
are likely to occur when the soldier is engaged actively in the 
field ; but whatever may be the mode of instruction, so long as 
the rifle is such as it is, and objects of limited sizes, such as men, are 
to be fired at from distances of eight or nine hundred yards and 
upwards, an adequate power of eyesight must evidently be the 
prime ingredient necessary to ensure the success of the marksman. 
The more this fact is appreciated, the more the importance will be 
felt of giving attention to the subject of the quality of eyesight of 
every one who aspires to effective employment of a rifle. It 
hardly seems too much to anticipate that, in respect to army ser- 
vice, at some future time the visual quality of every recruit will 
be as much recorded on his entry into the army as his height, 
chest measurement, weight, or any other of his physical conditions 
which are now registered ; for some of them, c(msidering all the 
sanitary precautions and personal care that are now taken to 
preserve the physical efficiency and good health of the soldier, have 
lost much of the importance that belonged to them in former days, 
and can hardly be regarded as equal in value to the amount of 
visual power which the man possesses, so far as his usefulness 
during the period he is engaged on active service is concerned. 
Military efficiency, the personal safety of troops, and economy of 
expenditure of ammunition, are all involved in the capacity of 
soldiers for making an accurate use of the firearms placed in their 
hands. It is certain that the capabilities of the rifle can only be 
completely turned to account by persons who possess normal acute- 
ness of vision, at least as regards the right eye, and it seems to be 
manifestly important, theref(»«, that the qualifications oi each man 
who is destined to be a rifleman should be thoroughly known on 
his starting in the service ; so that, on the one hand, the time and 
efforts of instructors may not be wasted in trying to teach men 
matters which from natural causes they may be totally incompetent 
to acquire, whatever labour may be devoted by themselves or 
others to the attempt, and also, on the other hand, that the men 
may be distinguished and made known to commanding officers, who 
possess the necessary optical qualities for becoming sure and reliable 
marksmen. 

Not improbably as further advances are made in musketry 
instruction, a greater influence will be exerted by physiological 
optics on certain parts of the teaching. The objects painted on 




eilucating" men in the use of the ride at 
i niDge procticeH h&va not been designed, as shown in 

e text, on an uniform viaual standard, bat seam rather to have 
been settled, eepeciaUy as regards their dimenaiona at the variotu 
distanccH at which tlisy are USUfJlj placed for firing practice, 
acrording to the proportiona which have been coneidered, from 
peraooal observation, to be the moet suitable for marks to be aimed 
at. There is apparetitly no sufficient reason why all aiich objocta 
should not be fastiioned on a I'eguLirly graduated scale of dimen- 
nioDS and aonhgu ration in relation to distance, and be in exact 
accordance with the optical conditions, so fai- as the objects them' 
sdpea are concerned, under which they would present themselves 
as marks to be lired at in actual 'warfare. If a series of objects on 
sucli principles should be brought into use, the quality of sight 
necsBSiiry for a satisfactory execution of the contemplated task at 
any particular range of practice could be defined witJi almost 
mathematical preciaiou. 

Medical oflicars at present only have to determine the question 
whether a man is optically lit for military service so far a« the 
poaeessioo of a set minimum standard of vision is concerned ; but in 
performing the duties of recruiting, they may have in the future 
to answer several questions of a more complex kind. They may 
be required to furnish information on such questions af the follow- 
tog : Is the man visually quahfied to become a marksman up to 
the longest range for which the rMe is capaUe of adjustment ! 
Tf not fit for a complete luarksmau, up to which class of practioe 
does his visual power admit of the man being advanta^ously 
trained ) If not fit for the use of an arm of precision in the first 
line of the army, is he fit for duty in the ranks of the Militia or 
Volunteer forces ? IE not fit for the duties of a rifieman, is he 
visually qualified for service in the Commissariat and Transport, or 
for any other corps or department of tiie army 1 After a sufficient 
number of records on these subjects have been accumulated, a con- 
clusion may be arrived at on certain questions, which are regarded 
under different aspects in different armies, and which may well 
admit of different solutions in ditferent countries ; as, for example, 
whether the projiortion of men in this country, whose Hharpneas of 
sight is inferior to the normal standard owing to refractive defects, 
is so great as to render it adviaaWe, from a military and financial 
point of view, to allow correcting spectacles to be used in the rank) 
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of the army ? and, in case of a decision being come to that it is 
advisable, whether the permission to wear them should be restricted 
to spectacles of certain descriptions, and if so, of what descriptions ? 

I do not think it too much to assert that an acquaintance with 
the subjects described in this Manual, combined with a moderate 
amount of practice, will enable medical officers to furnish satisfac- 
tory, information, when required, on the various points to which 
I have alluded, as well as on any others of a similar nature that 
may arise, and to carry out any orders that may be issued in 
respect to visual examination, or to correction of ocular defects 
among the officers and men of the army, in all ordinary cases which 
depend on faults of refraction or accommodation. At the same 
time it should not be forgotten that under the usual circumstances 
of service, in consequence of the multitudinous duties which de- 
volve on medical officers, it would be too much to expect that more 
than a limited number among them will &id the time or oppor- 
tunities for becoming expei-ts in ocular investigations. Arrange- 
ments will probably still have to be made, as hitherto, for com- 
plicated and doubtful cases of defective vision to be sent to general 
hospitals, and referred to medical officers who have acquired a 
particular acquaintance with the visual conditions which are liable 
to be encountered, by having had the means of carrying out extended 
observations of them at such institutions, and where also there will 
generally be the opportunity of using special optical appliances, 
which cannot be expected to be found at more limited establish- 
ments. 

Athough the metrical efystem of numeration of. lenses and of 
measurement in general is now ordinarily employed by ophthalmic 
surgeons, and is no doubt destined to supersede the duodecimal 
system everywhere, there are still many practical difficulties in the 
way of its adoption by British military medical officers in the 
different parts of the world in which they have to perform their 
duties. They have not, as a rule, cases of lenses numbered in 
dioptrics 'available for their use; the ordinary appliances for 
measurement at their command are divided by inches ; and these 
will probably remain the conditions in respect to such matters until 
the metre becomes the standard of measurement for the ordinaiy 
purposes of society and commerce. It thus becomes necessary for 
British medical officers to be acquainted with both systems of 
measurement, and to be able to convert readily the expressions in 
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the metrical system which they meet with in scientific works, inta 
their relative values on the duodecimal system. The means of 
doing this are fully explained in this Manual, and where references 
are made to optical measurements in the body of the work, they 
are usually stated in figures belonging to both the metrical and 
duodecimal systems of measTirement. 

In the former editions of this work, a second part was devoted 
to a description of the ophthalmoscopic appearances and diagnostic 
signs of the principal morbid states liable to be met with in the 
structures within the ocular cavity. This part is omitted in the 
present edition, because the Treatises and Manuals in which these 
diseased conditions are described are now very numerous, and also 
because in many instances they have the advantage of being ac- 
companied by illustrative drawings, which are of special value to 
all those who are engaged in a study of such subjects. The present 
work is, therefore, now limited to a study, theoretical and practical, 
of those varieties of the visual function, which for the most part 
are independent of morbid processes, and in considering these con- 
ditions of sight, their bearing on miUtary service is always kept in 
view. I have at the same time added short explanations on a 
variety of optical matters more or less directly connected with 
visual examination and the correction of visual defects, a knowledge 
of which is essential to a right understanding of the principles on 
which the practical part of the work is conducted. Experience in 
teaching the modes of conducting the visual examination of recruits 
and soldiers, and the practical correction of visual defects, has 
proved to me the need of such information being given, and I hope 
that some of the explanations and matters of fact, which it has 
been found necessary to impart in the course of instruction at the 
Army Medical School, may prove to be serviceable as memoranda 
to medical officers in the larger sphere of the Army Medical 
Department itself. 
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PTBUiiiiiia,i7 Semarlu. — The chief pnrpoae of thin manual is to 
famish medical oflicera witb sueh memoranda. as will assist them in 
ascertaining the quality and power of vision of recruits and soldiers, 
and in pronooucing an opitiioa on their titneaa, bo for as sight is 
uoncerned, for military service. It is neccasar; therefore, to describe 
the TariooB qnalities of visioa which are liable to be met with. The 
chief cbamcteristica of the different conditions of sight depending 
apoD differences in (he refractive power and 'conformation of the 
eye, and the modes of determining the degrees in which these 
differences exist, will be treated on in the second chapter ; while 
other states of vision, either associated with them, or occasionaUj 
consequent upon them, will be remarked upon in succeeding 
chapters. The visual needs of men employed in the different 
branches of the military services, army and navy, the regulatioi.s 
concerning the degrees of defective vision which disqualify men for 
occupation in them, and the means employed for detecting and 
estimating them will be full^ described subsequently. 

Id carrying out practical mstruction on the optical examination of 
the eye at the Army Medical School, it has been constantly found 
uece»sary to explain some eiemenlArj matters on optics which must 
be known before the phenomena of vision, whether normal or 
abnormal, or the principles on which refractive and accommoilatory 
defects of vision are corrected, or the means by which the correction 
is effected, can be properly understood. Several partii of the 

(0.11.) 
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special work of soldiers, on which quality of vision exerts a material 
influence, such as the practice of judging distances of objects, of 
aiming at long ranges, and others, also require some preliminary 
explanations to be given to those who have not previously had to 
consider such subjects. The chief of these optical memoranda and 
allied topics are given in this mtroductory cmipter in as plain and 
concise a form as possible for convenience of reference. 

Vision. — Normal vision exists when, firstly, each eye is so con- 
structed that a sharp and exact image of the object toward which 
the eye is directed, is formed upon the proper sentient layer of its 
retina ; and when, secondly,, a correct appreciation of the form, 
position, colour, and most of the physical qualities of the object so 
depicted is conveyed to the mind. To effect the first of these 
conditions, the curvatures, refractive qualities, and mutual relations 
of the transparent media of each eye must be such, that the rays of 
light proceeding from the external object are all brought by them to 
suitable foci upon corresponding points of the percipient retinae. To 
effect the second of these conditions, the images must be of sufficient 
size, sufficiently but not excessively illuminated, and must remain 
sufiiciently long on the retinae ; the expanded retinas and their 
component layers, the optic nerves and their cerebral connexions, 
must be healthy; the mutual relations of accommodation to 
distance, and of direction of the visual lines must be in normal 
accord ; and the perceptive faculties must have been duly educated. 

MonocTilar Vision. — ^Vision by one eye. An object, though solid, 
when looked at by one eye, the other bein^ closed, appears as a 
piano figure, having two dimensions, viz., length and breadth. 
When a group of objects is regarded monocnmrly, although tiiie 
lights and shadows among them are visible, there is no sense <S tiiieir 
relative distances or depths. These defects of monocular vision 
ma^ to a certain extent be counteracted by long practice and 
training, but the effects of binocular vision can never be fully 
realized by the use of one eye alone. 

Binocular Vision. — Single vision by two eyes. The visual lines, 
or lines prolonged from the fovea centraUs and passing through the 
nodal point of each eye, meet in the same pomt of an object. If 
the object be solid, the images of it, or rather of such portions of 
them as are common to the two eyes, are formed on exactly 
corresponding parts of the two retinae. Images of certain parts of 
the solid object are only formed in each eye singly, — in the eye on 
the same side as the parts concerned. Under mese conditions the 
solid object appears as a figure having three dimensions, viz., 
length, breadth, and thickness, and perception of relief is obtained. 

A wider field and nmge of vision are obtained with two eyes 
than with a single eye. llie double impression on the two retinae in 
binocular vision also causes the perception of objects to be more 
intense than i'; is in monocular vision. Owing to tne visual percep- 
tion being thus intensified, the rapidity with which objects are 
recognised, or visual alertness, is increased under binocular vision. 
rHie greater or less degree of ccmvergence of the visual lines whidi 
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accompanies binocular vision also helps the obaervfir to toim ideas 
of die dlBtances at which the different oLjecIs looked at are situated. 
It is obvious that, as regards near objects which are situated in the 
median plane between the two eyes of an observer, the convergence 
of the two eyes must be in exact accord in order to Bnaure perfect 
Binglenesa of vision of these objects. 

Diplopia. — Double vision. This result* when an object is per- 
ceived by both eyes, but ita two images are not formed on corre- 
apoading points of the two retiuw. The visual lines of the two 
ejes do not meet and join each other in the object. Wbeu the 
separate images correapoud in their relative positions with the 
relative positions of the two eyes, they are described as komoanmout ; 
when on the cotitmry, the ima^ to the left in position belongs to 
the right eye, and that to the right is the image perceived by the 
left eye, they are spoken of as arogied images. 

Optic Alia. — A line prolonged from the centre of the cornea, 
through the nodal point of the eye, to the retina. The posterior 
pole of the optic axis impinges on the retina a little to the inner 
aide of the fovea centralia. 

Thnukl Axis, or visual line. — The line along which the axial ray 
proceeding from the point of the object looked at passes to 
terminate in the fovea centralis. In the emmetropic eye it enters a 
little to the inner side of the centre of the cornea, crosses the optic 
axis at the nodal point, and falls on the fovea centralis ; or m'ee vereiS, 
starts from the fovea centralis, and passing through the nodal point, 
termiiiat«a in tlie object looked at. The visual line thus forma an 
angle with the optic axis, the apex of which is at the nodal point of 
the eye ; the size of this angle varies in diiferent eyes according to 
their refractive qualities, whether emmetropic, myopic, or hyper- 
metropic 

In binocular vision, when the object which is viewed is remote, 
the visual lines of the two eyes are tKirallel, or nearly parallel, with 
each other ; in proportion as the object viewed approaches nearer 
to the observer, the visual lines from the two eyes necessarily 
become more and more convergent in direction. 

Bodiatlon of Ll^ht-^The expression rai/ of light indicates the 
straight line along which light is transmitted, and the term 
radiation signiiies the transmisaion of rays in all directions from a 
luminous point. A. collection of rays so disseminated from a 
luminous point as to assume a conical outline, is called a diverging 
pencil of raffs ; and the apex of the cone from which, they proceed 
IB called the fociti of the pencil. So also, when rays are artificially 
caused (o converge to a common point, they are together spoken of 
as a converging pencil of rays ; and the point at which they all meet 
is called the focus. 

The illuminated surface of any object, in respect to the light it is 
receiving, is regarded aa lighted by the bases of a number of 
divergent pencils of rays, whose foci are at the source of illumina- 
tion : and, in respect to the light it is imparting by reflection from 
lace^ by means of which it is rendered visible, it is regarded 
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as oompoeed of an infinite number of Imninoos points, wtiidi pointfl 
are the foci of a corresponding number of diverging pencils or rays. 
It is important, when speakmg of the rays prooBeding from ah* 
illuminated object, not to confound the rays emanating from two 
points remote from each other (as from the extreme points between 
which the visual ande is included, for example) with l^e rays 
proceeding from each luminous point of the object independently. 

Permeability of Bodies to light. — All substances are probably 
pervious to light in different degrees and to different deptibs. 
If the substance be one which ^ows no rays of light to pass 
through it, it is said to be opoupie ; if it be one which admits of 
light passing completely through it, or nearlpr so, it is termed 
tranaparent. Shaaows result from opaque bodies intercepting the 
passage of light. All bodies, whether opaque or transparent, vary 
m aspect and colour according as they vary in reflecting, absorbing, 
or decomposing the light whidi falls on them. 

Befleotioii of lilfirht. — All bodies, whether opaque or tranc^xurent, 
with smoothly polished surfaces, under certain conditions turn away 
the rays of light which fall on them from their original direction. This 
is termed reflection of light. There are two general laws of reflection 
of light. The first is that whatever may he the angle which a ray 
impinging on a polished surface forms with the normal, or perpen- 
dicular, to that surface, the angle at which it is turned away from that 
normal will be the same ; in other words the cmgle of reflection is 
equal to the angle of incidence, and on the opposite side oi the 
normal. The second law is that the plane in which the incident ray 
is found will be the same as the plane in which the reflected ray is 
found, or in other words, the plane of incidence coincides with the 
-plane ofr^ection. All tiie phenomena of reflection of rays of light 
from polished surfaces, whether plane or curved, take place in 
■accordance with these laws. If the polished surface be either level, 
or have a regular curvature, the reflected rays of liffht produce 
images of the objects from which the rays have proceeded. If the 
surmce be roughened, there will still be reflection of light, but 
the reflected rays are irregularly dispersed and no images are 
produced. • 

Befiraction of lilffht.— Bays of light proceed in strai^t lines so 
long as the medium through which they are traveuing is of 
uniform density. Where a ray passes obliquely from a rarer into a 
denser medium it is bent or refracted totearas a line drawn perpendi- 
cularly to the surface of this medium at the point ci inciaence ; 
conversely, on passing obliquely from a denser into a rarer medium, 
it is refracted from a line drawn perpendicularly to its surface. 
This change of direction commences at the surface of separation of 
the two media. If a ray of light passes through media of different 
densities perpendicularly to the surfaces where these media are in 
contact with one another, the ray travels onwards in one and the 
same straight line. The deviation of ravs of light from their 
original dSection on pasnnff oldiquely m>m one into anodier 
m^ium of diffarent density tukes place acoording to fijLed laws, and 



the iaveetigaljon of these lawa, and of the phenomeaa which 
result from them, constitute the branch of optica generally temieil 
duiptries. The three fuUowiug Laws are coustant in ail cases of 
refraction. (1.) The angle formed bj an incident ray of light with 
the peniendiciilar to the surface, or tke angle of incidewx, and the 
angle tiDnned by the refracted ray with the perpendicular, or the 
anffle of refrnctioit, are in the sutne plane. (2.) The incident ray 
and the le&acted ray are always on opposite sides uf the perjKiu- 
dicular. (3.) Whatever the inclination of the incident ray to the 
surface, the sine of the angle of incidence has a constant ratio b/ the 
sine of the angle of refraction. Tliese laws apply to curved surfaces 
equally with plane surfaces, and heuce, when the form of siuface 
and nature of a refracting medium are known, the path of any re- 
fracted ray can always be determined. 

Iaw of Visible I>iTeiitloii — Eiich point of an object is seen in 
a line porpendicnlar, or nearly so, to tlie point of the retina which 
its image impinges. 

InverBicm of ImaireB on tlie Retina.— The pictui'es formed on 
the retina of external objects are inverted and eumed, owing to the 
action of the optiual ajiiiaratua uf the eye, together with tlie concave 
form of the retinal receiving surface. The mind, however, does 
not judge of the poeitions of objects, whether primary or rejected, 
according to the part of the retina on which uietr images happen 
to fall ; tf it did, the positions of tLiiigs would appeox to chaiige 
with changes in the position of the eyes looking at them. But the 
mind judges of the positions of objects by following, as it were, the 
directions of the anal rays proceeding to all the points of these 
objects from the ijarts of the retina on which the corresponding 
images of tuch points are pictured. Hence, though the images of 
objects looked at directly are inverted on the retjna by the action 
of the refracting media of the eye, the mind, following the tines uf 
light to their sources in accordance with the law of visible direction, 
sees them in their tnie iiositionH. The images of objects below 
the level of the visual diameter are pictured in the upper 
retinal hemisphere ; the images of objects above this lice in tlie 
lower retinal hemisphere ; they are equally reveieed in the 
lateral portions of the retinal picture ; but, iieveilhelcAs, all the 
objects are aeen in their real positions and relations to each other. 
This equally applies to the reflected images of real objects : tht; 
reflected images are inverted on the retina, but they are seen 
truly in the forms in which they proceed fram the reflecting 
surface. 

Visual Angle. — The visual angle is the angle included between 
two rays proceeding from the opposite extreme limits of an object 
looked at by the eye and meeting at a point withiu tlie eye. Theue 
raya, having met, cross each otlier and pass onward to assist in 
forming the image on the retina. The point at which they meet is 
known as "the point of intersection," or "nodal point," of the eye. 
The size of the angle depends on the actual linear dimeusions of an 
tbject, and on the distance of iite object from the eye. If llie object 
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be of a fixed size, the size of the angle under which it is seen will 
vary inverseij as its distance from the eye ; if the distance be ^ed^ 
tke size of the visual an^le will vary in a direct ratio with the size of 
the object. The angle is similar on each side of the point ci inter- 
section—towards the object, the "visual angle," and towards tiie 
ima^e of it on the retina, the " retin^d angle. The expression that 
an object occupies so many degrees in the circumference of a circle 
of which the eye is the centre, or that it subtends an angle of so 
many degrees, haB the same significance as ^* the size of the visual 
ai^e of the object.'* 

The size of the image of an object formed on the retina varies hs 
the retinal angle, and therefore as the visual angle varies under 
^hich the object is seen. The larger the visual angle, the larger 
the retinal image. If the size of an object remain the same, the 
visual angle it subtends is increased in proportion as it is brought 
nearer to the eye ; and hence, the frequently observed approxima- 
tion of printed letters by He. patients to their eyes, altnough the 
diffusion of rays about the retinal images and the strain on the 
accommodation are increased by the proceeding. A similar approxi- 
mation of print generally takes place among amblyopic subjects. 
In both instances the retinal images are increased m size, and the 
area of sentient visual impression proportionably enlarged ; and the 
advantages attending these results preponderate over the disad- 
vantage of the loss of distinctness of outline, due to the diffusion of 
the marginal rays. 

If the position of the point of intersection is made to alter, the 
size of the retinaJ ima^e will be altered also, but this can hardly 
happen except artificia&y by placing a convex or concave lens 
before the eye. If a convex lens be placed before the eye, the 
point of intersection will be caused to advance, and the retinal 
image will become enlarged : if a concave lens be similarly placed, 
the point of intersection will be caused to recede, and the retinal 
image will be lessened in size. 

Field of Vision. — ^The term "field of vision " signifies the whole 
of the space, including the objects comprised in it, which is per- 
ceptible to sight in one fixed position of the eye, or, in binocular 
^ion, of the two eyes. 

Monocular Field of Vision. — When a single eye is directly fixed 
in a given direction its horizontal limits of visual perception are 
comprised within an angle of about 1 23°. 

Binocular Field of Vision — When both eyes are fixed on an 
object situated at such a distance in front of the observer that the 
visual axes of the two eyes are practically parallel with one another, 
the limiting line of visual perception or luminous impression on each 
side forms an angle of about 90*^ with the visual axis, so that the 
field of vision of the two eyes under these conditions has a hori- 
zontal limit of about 180*. A certain central portion of the visual 
field is common to both eyes ; the right and left temporal portions 
of the field are only proper to the right and left eyes respectively. 

Xeasurement of the Xonooular Field of Vision. — Instruments 



specially constructed for examining and providing the data for 
mapping out a field of vision are called perimetart. Id tJie a1)fience 
of these special instrnmenta, the extent and shape of the field of 
vision of an eye may be obtained by causing the fiatient to look at 
a given point, and, while the eye is fixed npon it, drawing an out- 
line of the bouudaiy of distinct vision in aU directions around it. 
The moet convenient plan ia to place the patient with one eye 
covered, and the other free, nt a distance of about two feet in front 
of a black board placed perpendicularly to the line of sight. On this 
board, at a level with the eye under examination, asmall cross in white 
chalk isdrawn. The patient is deaired to tix his eye on this mark. At 
the same time the surgeon, who raiwt watch that the patient does not 
look away from the cross, holds a piece of chalk between his fingers 
of his right band, and carries it from point to point over the board 
by alight quick movements of the hand, jotting down the points in 
various directions where it ceases to be eeen. These points are now 
joined together by Unea, and thus an outline of the shape of the 
field of vision is formed. If the mapt thus made be copied on paper, 
it can be ret/uned for comparison with other diagrams to be made 
is a aimilor way on future occasions. 

If it be important to examine the field of vision with greater pre- 
dnou, separate outlinea can be obtained by a similar plan ahowing 
where vision sufliciently distinct to count fingers ceases, and more 
externally where imperfect vision or luminous impression ceases 
and complete absence of sight begins. Any loss of visual function 
in pBirticular apota of the retina may aJso be traced and noted during 
the examination by rooving the chalk slowly and carefully over the 
field, and directing the patient to mention whenever it disappears 
from view altogether or la only seen obacurely. Particular irregu- 
laritiea of form, and limitations in extent, of the fidd of vision will 
often be rendered manifest by thia mode of examination in caaes of 
weak and defective vision depending on disorders of the optic nerve 
and retina. 

When it is not required to make a picture of the field of vision 
bat only to ascertain quickly the extent of the field, or whether 
there is any break in it in any given direction, the following method 
trill answer the purpoae readily and quickly. The surgeon, standing 
about two feet off, and face to face witli the patient, desires him to 
olDse one eye, the right, for example, and at the same time closes 
his own left eye opposite to it. He now desires the patient to look 
steadily into his right eye, and while the two eyes, the one of the 
mrgeon and the other of the patient, ore thus directed to each 
other, the surgeon moves his forefinger from a central point midway 
between his own eye and that of the eye under observation, in all 
directions towards the limits of the field of vision. He is thus able 
to note the extent of the patient's range of viaion, by com]iaring it 
with his own range. Thia ready method luis the advantage of being 
capable of being put into execution anywhere without need of any 
appliances or previous preparation. 
-Hnementa ot tba Bye. — The external musclaa connected with the 
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globe of the eye cause it to revolve round an ideal centre— its centn 
of rotation. Consequently if the anterior aspect of the eye is caused 
to move in one direction, the posterior a'BpBct of the eye will be 
caused to move in the opposite direction. The movements of the 
eye are commonly descrioed with reference to the movements of the 
anterior pole of the optic axis or central point of the cornea^ When 
the central point of the cornea accords with the point of intersection of 
one line drawn transversely between the apices oi the two angles of 
the palpebnd aperture, and another line drawn vertically midway 
between its two extremities,, or does so very closely, allowance bang 
made for the slight angle formed by the intersection of the optic 
axis and. visual axis, the eye is said to be directed straight forwards ; 
when the centre of the cornea is above or below the horizontal line 
just named, the eye is: saidt to> be directed upwards or downwards 
respectivelv ; and if to the inner or outer side: of the vertical line 

J'ust named., it is said to be turned inwards or outwards respectively. 
!t is in accordance with these distinctions of position that when 
strabismus exists the displacement of the deviated, eye is sai^ to be 
internal or convergent,, external or divergent, and upwards or down- 
wards. In normid binocular vision, when the two eyes are looking 
dii*ectly forwards at a distant object, the visual lines are practically 
piurallel with one another, and perpendicular to an imaginary line 
joining the centres of rotation of the two eye&. 

Field of View. — The term "fiield'of view'' signifies the space over 
which objects can be seen dearly b^ an eye when it moves round its 
centre of rotation to the extreme limits of which it is capable, the 
head of the observer at the same time remaining stationary, as in 
binocular vision, the range of view of the two eyes under like 
conditions. 

Vorxnal Banffa of Motion of the Eye consistent with Vision. — 
I find that my own eye can turn through an angle of about 140'' 
horizontally, and of ISS** vertically, and perception of objects be 
retained. On my eye being directed, to a point straight before it, it 
can turn from it 50"* towcurds the nose and nearly W)" degrees oat- 
wards in the horizontal plane, or through an angle of 48** from it 
upwards and 90** downwftrds. These measurements are not^ how- 
ever, universal ; they are subject to variations according to indi- 
vidual circumstances, viz., to personal peculiarities in the shape and 
amount of projection of the parts near to the eye, as the nose, the 
margins of the orbit, the eyeorows, and other structures. 

Objects on the Visual Field. — ^The place and space occupied by 
objects in the field of vision are measured by the visual angles under 
which they are seen. The apparetU size^ or lineal measure, of an 
object is estimated by the size of the visual angle alone. To esti- 
mate the true size,. the distance of the object, as well as the size of 
visual angle, must be known. Conversely, the true size of an object 
being known, the visual angle enables us to form, a judgment of the 
distance at which it is placed from us. The apparent size, or lineal 
measure, is to be distinguished from the Kuparentsuper/ioud size, or 
measure of surface of an object The lineal taeasare, as before 



mentioned, oaries inversely aa the- distance of the object; th« 
measure of surface varies in proportion to the squareB of the lineal 
measure at different distances. 

BriarhtnsHB ol Objecta at DlOBrent Distances. — The vividness o 
the hght under which objects are seen at different distances does 
not vary with the distances at which they are respectively placed, 
excepting mi far as those which are more remote ma; he affected by 
the thicker stratum of air throuehwbich they are seen, provided that 
all the objects !atx in the same direction. Supposing the atmosphere 
to be perfectly clear aud transiiarent, the apparent illumination of 
two taints, one more remote than the other but facing in the same 
direction, will be exactly aimilftr. A transverse section of the cone 
of rays entering the pupil from each illumined point of the farther 
target, and therefore the total quantity of light emitted by the 
whole target, will vary inversely as the square of the distance to 
which the ta^et has been removed, and so also witli the apparent 
area of the target. If one target be placed at double the distance of 
the other, the area of its image on the retina will be reduced one- 
fourth of that of tJje nearer target, but so also will be the amount 
of light entering the eye from the target, and the effect as regards 
apparent brightness will necessarily remain the same. The area, 
of the image on the retina is reduced in the saue jiroportion as the 
quantity of li;{ht which forma it. 

Xotion of Objeots in. the Field of Tislon. — The movement of 
any visible object aa-oii the visual lield, or the change of its position 
relatively to the positions of other objects, is, of course, accompanied 
by a similar movement of its image across the retinal picture. The 
movement which is thus rendered visible is called its apparent 
molioa. If the object move in a direct line towards the centre of 
the eye, no change occurs in the position of the image of the object, 
and its movement is not ftppnrent The extent of apparent motion 
of an object is measured by its angular motion. ; that is, bj the 
angle formed by two lines drawn from the point of visible departure, 
and point of visible arrest of motion, of the object, to the point of 
interaectioii within the eye. The riml Movsnunt of an object, in 
respect to direction and extent, is estimated by other ineans^by its 
chuige of apparent size as its distance varies, by its relations tu 
other objects in the visual field as regards position, distance, diB- 
tinctness, and otlier indications. 

It is not to be forgotten that if the object moving across the field 
subtend too small a visual angle, or passes with too great rapidity, 
or is insufficiently illuminated, its movement may not be apjarent ; 
either becaune its image impinges on too minute a portion of the 
retinal surface to render it perceptible, or because there is not light 
enough to make an adequate visual impression, or because time 
enongh is not given for the impression to be made. The movement 
of a gunshot travelling acroit aie field may not be apparent for the 
reasons just named ; while, on the other hand, a similar shot or. 
shell moving in a nearly direct line towards the eye may be seen 
because its image is sufficiently peiaistent, while, aluioujb it has no 
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angular motion, its moYement of a^^roadi may be inferred from' 
increase of size or the louder sound proceeding from it in proportion 
to its increased nearness to the observer. 

Judffinff Dist&noe. — An important part of the instmction of 
recruits at rifle drill practice consists in teaching them to estimate 
correctly the distances of objects by ocular obsenration alone, that 
is, without the aid of ranffe-fiiiders, or other means of measnrem< 
If a bullet on beinff tired from a rifle trayelled in a straight 
nearly to the end of its course, there would be no need for soldiers 
to become skilled in judging the distances of objects, or for adjusting 
their rifles to those distances, for the bullet would strike any object 
it might meet in its path within the limits of its range ; but since 
its path, or trajectory, instead of being straight is curvilinear, it is 
evident that the bullet in its fall can only s&ike an object oi the 
height of a man within a certain limited space. If the object be 
outside this space, either in front of or beyond it, it will not be 
hit. Hence tne necessity for a correct knowled^ oi the distance 
of any object that may be aimed at, in order to adjust the rifle to i1^ 
and so to ensure it being hit by the bullet in its falL 

The power of judging distance, as it is called, with approximate 
accuracy, is therefore essential, for without this knowledge a soldier 
cannot use his rifle efficiently. 

The faculty of judging distance depends upon the capabflity of 
properly appreciating the differences in the vinud anglesy or in 
other woras, the diflerences in the sizes of the retinal images, 
formed by an object of known size, a man oc horse for ex- 
ample, at different distances. The visual an^le, and, therefore, the 
retmal imaffe of an object, lessens as its distance increases. Iii 
proportion then as the distance of an object of given size from the 
eye of an observer is increased so will be the diminution of the 
apparent size of the object ; and conversely, in proportion as the 
apparent size diminishes, so will be the increase m distance of the 
object from the eye of the observer. 

The acquirement of the art oi judging distances is effected by 
causing the men under instruction to note the apparent size and 
aspect of soldiers placed at certain distances, to observe and 
familiarise themselves with the appearance of different parts of the 
figure, limbs, accoutrements, and dress of the men, and to make 
comparisons between them and the appearances of the same soldiers 
and objects at various other distances. The appearances of sur- 
rounding objects, such as trees, buildings, &c., at different distances, 
are also impressed on the soldier^s mind. The practice is facilitated 
by observing that certain parts of the men or objects on their persons 
disappear from view at particular distances ; this fact depends, 
other thin^ being alike, on the visual angles formed by these parts 
at such distances being too small to permit recognition. In like 
manner, and from the same cause, the whole object according to its 
size will disappear from view at some particular distance, even 
though no other impediments to a dear view of it exist (See 
Ch. VI, pages 111 to 115, for further remarks on this subject). 
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The difficulty of indging accurately the distances of all objects is 
greatly iucreiuwd ■when they are plated tar away from the spectator, 
yet it 13 under these circiimBtancea that in using the rifle the need 
for forming a precise judgment of the distance of any object that 
may be aimed at is greatest. Henue, the Bjperience derived from 
repeated practice, and accurate observation and compariaon of sur- 
rounding objecte, as well as of objecto themselves, together with 
very perfect qiiahties of eight, are essential for a nian to beoome a 
good marksniaii at objects at long ranges, when the estimate of the 
distanceB at which the objects are placed depends on the marksman's 
own judgment, as it must often do in military operations on active 
fwrnce in the field. The drop of a bullet iucreaaea in curvature in 
jiroportion to the elevation for distance given to the riUe; and of 
course the space within which an object of the height of a man 
wonid be liable to be struck is lessened in the s:ime proportion. 
In firing at distances up U> 300 yards at a target B feet in 
lieight, the bnllet does not riee anywhere more than 6 feet above 
the ground, and hence a man of that height would be hit at any 
point of the bullet's path within this range ; but if elevated to euit 
H distance of 400 yards, the space within which he could be hit by 
the bullet iu the latter part of its course, would be limited to 110 
yards ; if at 800 yards, the limit of the dangerous space would be 
lessened to -IS yards _; if at 1000, there wcmld only be a sjiace of 
about 30 yards within which an object 6 feet in height would 
be liable to be struck. It is obvious that at such long distances, 
and under stich reduced visual angles as objects of the height of an 
infantry soldier or trooper would subtend at them, the eye must be 
capable of getting retinal images »^uite clear of circles of ditfusion in 
onler that the objects may be diHtmguished plainly. 

A certain amount of assistance in judging the relative distances 
of objects, when several are regarded in succession, is derived from 
the sense of the varying efforts of accommodation, and also from a 
conaciousnetn of the consentaneous movements of the two ayes in 
changing their positions for the purpose of so adjusting their visual 
lines that they may meet together in the same points of the different 
objects nnder observation. 

It is not to be forgotten that, irrespective of the particvdar 
quality and condition of the dioptric media of the eyes of any 
individual observer, the character of the retinal image of an object 
and the acutenesa of the visual impression produced by it, will be 
modified very materially by the degree of illumination of the 
object, the p(»ition of the sun in regard to it, the character of the 
background, particularly its amount of contrast with the object, and 
the state of the atmosphere between the object and the observer in 
respect to its transparency and refractive stability. 

AlmlnK.^Before a recruit ia permitted to practise firing his rifle 
either with cartridge or ball, he has to go through a coarse of 
iiutmction in " aiming drill," or the mode of aligning the " sights " 
of the rifle on the object aimed at ; in othei' words, iu so hnidine 
' ie rifle that the parts of it named, and the object to be aimed at, M 
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eleration of the rifle k the remit. Tbk imiiiliiM k earned on for 
iacreMUM^ dieteaeee mitil the ^^ M'tt ' 
for the difficuhj of al^ipiagthe foraagbt* 
djglanreof the object mcrceeea 

Medkal oflken are oecaeionaDj eppfaleil to by the ■nmitf.ii^ 
tiMlractOfsoa aoeomitof tbeir meetiii^ with diffirnhifa in getting 
egme men to adjust the righta of the nfles eo at to bring them into 
trae line with toe object^ and then to doabte arikng in their minds 
wfaedier the men ooneemed are not e uffe r ii y from dcfediTe eyeai^t. 
It k welly therefore, for medical offioeee to be prepared with a know- 
ledge of the riaoal conditiona which may farilitat<e or hindar men 
fooSitakiittAeornetiuin. 

When a liartini'Heiiiy rifle k bron^t to the front of the ri^t 
aboolder of a aoldier in the standing poattkm the dktance of the 
noteh in the alide of the backaight la about 15 indiea, and of the 
''tip'' or ""fine aig^' of the forea|^t about 39 indiea,from the 
nff^ eye. What an object, aoch aa the bnllaeye of a tarset at 
a dktance of aeveial honored yaida, k aligned with theae ai^ta of 
the rifle, it k ob viooa that an eye, if it tried to do ao^ oould not aee the 
three different ob jecta with eqoal diatinctoeaa at one and the aame 



time. The recruit, therefore, k rightly inatmcted to ^ hk eye 
ateadily on the mark he k to aim at — ^not on the aig^ta or me 
barrel of hk rifle, which, although not directly looked at, can yet 
eaaily be broo^^t into the line of vision with the bulkeye of the 
target Aa soon as the sights and object are brought together into 
true line, the recruit k rendered conscious ihat they are so, by the 
simule fact that the foresight^ projected throu^ the notch of the 
IjocKsight^ intercepts some of toe rays of light reflected from the 
bullseye ci the target which would otherwise reach hk eye ; and he 
learns that hU rifle, if its elevation be duly adapted to the distance, 
k then in the right direction for a mismle discharged from it to 
strike the target. He does not look at, or recognise with distinct- 
ness either of the si^^its of the rifle ; he only sees clearly the bulk- 
eye of the target, and at the same time observes its partial obscura- 
tion owing to the intervention of the foresight. 



o the object and a, comparatiTel; limited tield around it, while he ia 
able to otigii the KJghte of the rifle upon the object. It ia doubtful 
nhether this plan is advantageous ouder aJl circuniittaiices, especially 
when the object aimed at is not a fixed one at a giveu distance, as it 
in at target practice. 

Binocular vision givea a more vivid impression of the object from 
both eyes being Bimultaneously centred upon it, while it enables the 
observer to obtain a better notion of its distance and form, as well 
as of the direction and rate of iU motion, when the object is a 
moving one, such ns an enemy running or riding in an open land- 
scape. But a man cannot align the eighth of the rifle upon a given 
diatajit point when both eyes are open and visually directed towards 
Uiat point He can only do so if he haa the power, although both 
eyea are open, of arresting the use, as it were, of the one eye while 
the other ia taking aim ; that is, of mentally suppressing note of the 
imAge formed on its redna. When one eye only is used, the sighte 
of the rifle, or such parts of them as are not covered by other parte 
neu'er to the eye, and the object aimed at are all in the visual line, 
and consequently together form an image on the most sensitive part 
of the retina, the fovea centralis. When both eyes are used, and the 
object aimed at ia a long distance ofT, the visual lines are nearly 
p^^el, and the distant object is imaged on the fovea centralis of 
each eye with binocular advantages ; but, under these cireumBtances, 
the images of such near objects as the sights of the rifle are formed 
on parts of the retina outside the region of the fovea ceutralis, and 
are consequently less distinctly visible than they are when they are 
in the course of the visual line under monocular vision. For either 
of the sights of the rifle to be seen distinctly the visual lines must 
have a very different relative direction ; the two eyes muat converge 
on the sight concerned, and the visual lines be inclined toward it at 
an angle corresponding with the proximity of the object 

These facts may be illustrated by two simple experiments with 

When a distant object is regarded with a single eye, the other 
being closed, the rifle and sights aligned upon the object are seen 
with a certain amount of distinctness ; if, without any change of 
position, the other eye be now opened, and both eyesare directed on 
the distant' object, the distinctness of view of the rifle and its 
sights, especially of the backsight and parta approaching the stock, 
isat once lessened. The rifle ts no longer in the line of sight ; it is 
outeide of it. Or if on object be aimed at from a rest, and the rifle be 
placed in a straight line midway between the two eyea while they 
are flsed on the object, the object may be sees distinctly, but the 
rifle, and uf course its sights with it, appeare very shadowy, because 
it does not coincide with either of the visual lines of the two eyes ; 
it is between them. The backsight, if elevated, will probably 
appear double under such conditions. 

If a rifle be uot at disposal the same faeti may be illustrated 
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fidmply bj the hand alone. If the knuckle of the right hand be 
applied against the lower border of the riffht orbit, and the fore- 
finger extended' so ajs to cover a portion of a distant object, while 
the left eye is closed, the finger ana object will be seen together with 
more or less distinctness, Ming tocemer in the line of the visual 
axis ; if now the left eve be suddenly opened, the finger will 
disappear from view, while a more vivid perception of the distant 
object, and a more extended view of its surroundings, will be 
obtained. After a Bhort time, if the mind be intently directed to 
the purpose, the use of the left eye may be suppressed although the 
eyehds remain open, when the finger and the object to which it is 
directed will be again seen together with a certain amount of 
distinctness. This will be more easily accomplished by persons who 
are in the habit of ignoring the image formed in one eye, as 
hai^ns with surgeons ^nio are accustomed to use the ophthalmoscope, 
microscope, and other such optical instruments, or as many sports- 
men do who are in the habit of firing with both eyes open. Con- 
sideration of the facts just mentioned will explain why musketry 
instructors find that men who can't shoot with an approadi to 
accuracy at a mark when both eyes are open can shoot fairly with 
one eye closed, althouffh there is no dif&rence in the two eyes as 
regards refraction or visual power. 

As the central line of the notch of the backsight and the slender 
ridge or tip of the foresight are very fine objects, and very accurate 
recognition of them is necessary in ensuring their perfect alignment 
with a distant object, it seems probable that in takmg a precise aim, 
they are each looked at in rapid succession, in other words, that an 
alteration of accommodation takes place from one to the other object, 
but so rapidly that the view of them is practically simultaneous, so 
that the alternate adaptation of vision to the di£ferent distances 
escapes notice. If such a rapid visual adaptation be essential for 
ensuring a perfect aim, as seems likely, it is obvious that a person 
who is either hypermetropic or presbyopic in any considerable 
degree would experience special difficulties in taking a correct aim 
with a rifle at a remote object ; for he could not see the foresight of 
the rifle with sufficient definition and alertness. A hypermetropic 
eye, even at the recruiting a^, if the hypermetropia amount to 
— 2D, sees a small object, sudi as the tip of the foresight, so very 
hazily, that accurate alignment, unless the optical defect is corrected 
by a suitable lens, is out of the question. Also for a myopic eye, if 
the myopia be of corresponding amount, or eouals + 2 D, alignment 
is rendered very difficult because, although tne tip of the foresight 
is less obscured than it is with the hypermetropic eye, there is i^l 
such reduplication and haziness of the distant object as to make the 
amount of the foresight brought up into the alignment and the 
relative positions of the sights of the object all very unceitain. If 
the ametot>pic condition be complicated with astigmatism, a certain 
iMXiount of distortion of form is added to the haziness of view already 
mentioned, and the difficulties in the way of accurate alignment are 
increased. 
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StrenKthenlnK the Eya for Shaotinff at iMng Banraa It ia. 

laid down iii the book of Musketry InBtructioii tlmt "it cannot be 
too Htroiigij' impressed on every man that to shoot well at long 
ranges he must train and strengthen hia eye bj" looking at Broftfi 
objects at long distances." (" Musketry Instruction," 1884, par. 77, 
p. 84) A study of the conditions on which accurate viBion of 
dlHtant objects depends sufficiently ehows that if an eye he enune- 
tropic, neither the eye nor the quality of vision for such remote 
objecta admits of increased strength or improvement ; if an eye be 
myopic from natural formation, there is no reason for believing that 
exercise on distant objects will lessen the degree of myopia or its 
effects ; or, if it be hypermetropic, make up for the deficiency other- 
wise than by the ordinary exertion of accommodation. But other 
conditions on which accurate shooting also depends may be deve- 
loped, and these belong more to the brain than to the eye. Minute 
features and peculiarities of a given object and its surroundings, 
which are unnoticed at first view, are rendered familiar and attract 
critioa! attention under close and repeated observation, and relations 
of size and distance of objects become more correctly estimated. It 
is bv these means that pomtera perceive particular features of a face 
or landscape, and eailora see and distinguish objects on a distant 
horizon, although the images of those objecta are not pictured with 
any more precision in their eyes than they are in the eyes of others 
witJi the same quahty of sight who, however, fail to recognise their 
presence in the Held of view. Tlie artist and sailor learn to observe 
■with more precision, and they a|Cquire by practice the art of distin- 
guishing and rightly interpreting differences, often very slight, in 
form and colour, or contrasts in light and shade, which are unnoticed 
by a less observant or less experienced spectator, notwithstanding he 
may be his equal in strength of eye and acutaness of vision. It is not 
the strength of the eye whiclt is developed so much as the faculty of 
observation, and it is tothis the attention should be chiefly directed. 

TTie recent introduction of figure targets as objecta to be aimed 
at in the range practice at musketry instruction will probably assist 
men in acquiring an increased facility of judging distance. The 
different distances at which the 6-feet figure is fired at along the 
range must tend to educate the eye and to enable it to estimate 
rightly any particular distance of the figure through the familiarity 
which will gradually he obtained with the different appearances 
presented by it at the various distances it is fired at. 

Inflikite Bajra.' — This term, in reference to vision, is employed to 
ejpresa rays of light proceeding from an object and entering the 
eye in parallel lines, or rather in lines which are so nearly pMullel 
with each other that their diveigency is inappreciable ; and the 
eipresaion "infinite distance," or "injimity" is used to signify the 
distance from which such rays come to the eye. The angular 
measurement of that portion of the cone of raj^ proceeding from a 
luminous point which is admitted into an eye is determined by the 
distauce of the point from which the light radiates, and by the 
11 .._ of, the pupil, or, in other words, the distance apart (rf the 
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oppottte borders of the pnpiUaiy aperture by which the paeiiige of 
the rays is limited. The rays pixxieeding ttom. lomiiMNis points on 
any object distant from about 6 feet fram the spectator up to that 
of the most distant star, for all practical purposes pass into Uieeje 
muallel with each other, and are spoken of as in/^ite ray*. The 
aivergency of a pencil of rays from a luminous point at a distance 
of 6 ^t from the eye (supposing the diameter of the pupil to be 
one-eighth of an inch) would only amount to six minutes ci a 
desree. At a distance of 36 feet the angle of divergency would be 
onfy one minute of a degree. Bays frcHn objects nearer than 6 feet 
are sometimes spoken of as JinUe rays. The divergency of finite 
rays increases in proportion to their proximity to the eye. 

Iienees. — Lenses of primary form are soUd trann)arent media, 
such as glass or rock crystal, bounded by a polished n>herical sur&Mse 
on one or both sides, and having the property of changing the 
course of rays of light falling on one of their surfaces in a direction 
parallel with the principal axis, so as to cause them other to eon- 
verge to a given point — the principal focus ; or to diverge as if tiiey 
prooeeded irom the principal focus. 

Cylindrical lenses will be described separately. 

Oonvez and Concave Xjenaes. — ^The lenses whidi are chiefly used 
foroptical and c^hthalmoecopic purposes are centric convex and con- 
cave lenses ; the former having two coskvex surfaces whidi are 
portions of equal spheres, double convex lenses, and the latter having 
two concave surfaces which are also portions of equal sf^eres, 
double concave lenses. They are sometmies designated centric bi- 
convex or equi-convex, and bi-concave or equi-concaEve lenses. The 
convex or converging lenses are thicker in the middle than at their 
edges ; the concfwe, or diverging lenses are lAdnner in the Qiiddle 
thui at their edges. A double convex lens ma^ be regarded as com- 
posed of two prisms with their bases joined at the centre ; and a 
double concave lens of two prisms having their bases outwards, and 
their edges meeting at the centre. Bays of lig^t whose passage haA 
been limited to the lateral parts of a ccmvex or concave lens, are acted 
upon ajs they would have been if they had passed through prisnts 
with their bases in similar directions. In either kind ci lens, a line 
joining the centres of curvature of the two surfaces is the pruteipal 
axie of the lens. The more convex the lens, the greater its converg- 
ingpower ; the more concave the lens, the greater its diverging power. 

Tne principal focus of a convex lens will be at the point to whidi 
rays falling on one of its surfaces parallel with its principal axis, 
and passing through its substance, are caused to conver^ and meet 
beyond its other surface. The distance of this focus is measured 
from the optical cerUre of the lens. The measurement has hitherto 
been usuaUy made in inches and parts of inches ; but on the C<m- 
tinent is now oommonly made in metres oir paints of a metre, and 
this is gradually becoming the system in British optical measure- 
ments. The optical centre of a double convex or double concave 
lens, with suriaces of equal sphericity, is situated at the point 
where the princioal axis of the lens is intersected by a diameter 
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of the lens. Any Htraight line, other than the principal axia, which 
pas^s through the cenG'e of a lene ia designated a secandiLry axis. 
In common speech, for the sake of brevity, the principal focus of a 
conrex lens is spoken of ae fAe /ocug of Uie lens : and the distance 
of this focus is iiaed to purticularize the leuii. Thus taking, e.g., a 
lens whose priucipat focus is at 1(1 inches from its centre, it is ottea 
desigtutted ae a convex lena whose focus is at 10 inches, or a lens 
of lO-inch focna, or, still more briefly, as a 10-inch lens ; or, accord- 
ing to the metrical sjateni, is a lens of four dioptriaa, having its 
prmcipal focus at a distance of one-fourth of a metre, or a Na i 
lens. Convex lenses have what are called real foci. 

If the rays falling on a double convex lens are divergent, and 
iaane from a distance beyond that of its principal focus, they will be 
brought to a focna failher off than its principal focus ; if they 
diverge from a point at the distance of the princi|>al focus, tbey wiU 
be refracted as parallel rays ; if they are convergent, they will be 
rendered mote convergent and will be brought to a focus nearer to 
the lens than its principal focus. 

Kays falling on a double concave lens parallel with its principal 
axis, are caused to diverge after passing through it to the same 
extent aa they would diverge if they were proceeding from a point 
at the same distance from its centre as ita principaT focus is. In 
other word*, the emergent rays of such a lena, if produced back- 
wards, would meet in the principal focus of the lens on the same 
aide as Uie incident rays. If the rays falling on the double concave 
lens are divei^ut iixstead of parallel rays, they will be rendered 
proportionably more divergent, just as if they came ft-om a point 
nearer to the lens than its principal focus. If they are convergent, 
and they converge in a du-ectton toward any point between the 
leiis and ita principal foous, the refracted rays will be convergent 
also ; if they converge to a point at the distance of the principal 
focus, they will be refracted as parallel rays ; if they converge to- 
wards some point beyond the distance of the principal focus, the 
refracted rays will be proportionably divergent, just aa if they were 
proceeding from some point further oiF from the lens than the distance 
of its principal focus. Concave lenses have what are called mrlaai 

Begarding the eye as a combination of lenses having together a 
certain converging power, when a convex lens is placed closely 
before it, the converging action of the eye on rays entering it from 
objects in front is necessarily added to ; when a concave lens is 
similarly placed before the eye, ita conver^ng action on these rays 
ia lessened. The convex leas, therefore, ia rightly designated ill 
this respect a -f lens ; the concave lens a — lens. It is convenient 
too in calculating the focal distances or powers of lensea required to 
correct abnormal conditions of the refractive media of the eye, to 
apply the Mgn -J- to converging lenses, and - to diverging lenses. 
Thue, a convex lens of 10-incb focus ia designated a -\- 10-inch lena, 
or, in metrical numeration, a -|- 4D (d dioptric) leus ; while a con- 
cave lens of lU-inch focus is noted an a -10-iudilens, or — 4DlBaB. 

(o.».) « 
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When a convex lens is placed before the eye, it causes an advance 
of the nodal point of the eye, and thus increases the size of the 
retinal image ; when a concave lens is similarly placed, it causes 
the nodal poiixt to recede, and so lessens the size of the retinal 
image. 

Nameration of Lenses. — ^Lenses are usually numbered according 
to one or other of two 'systems ; one known as ihe duodecimal or 
inch system, the bther as the metric system. Although the metric 
system is certainly the more advantageous, and is doubtless destined 
to supersede all others for optical practice, it is as yet only used to 
a limited extent by surgeons and opticians in this country, while 
the inch system still continues the one employed in conmierce. 
Until the metric system is generally adopted, the principles of both 
systems should be imderstood, and surgeons, whose duties require 
them to engage in optical work, should be familiar with the means 
of readily (magging the measurements from one system into those 
of the other. 

According to the inch system or older method of numeration, 
lenses are numbered according to the position of tiieir principal 
focus. A lens whose principal focus is one inch from its centre, is 
taken as the standard of unity. Starting from this high pointy a 
series of lenses, usually 25 (25 + and 25 — lenses), descend in succes- 
sion with lessened refracting power, and, consequently, with the 
]X)8ition of the principal focus proportionally increased in distance. 

In the metrical system, which was first proposed at Paris in 1867 
but only brought into practical use in 1876, the lenses are not 
numbered according to the position of the principal focus, but 
according to their refractive power. A lens of such refracting 
power that its principal focus is at a distance of 1 metre, or 
100 centimetres, is taken as the standard of unity. This in ordinary 
language is designated a dioptric. Starting from this low point, a 
series of lenses ascends with successively increased refracting power, 
and, consequently, with the position of the principal focus propor- 
tionally shortened in distance. Thirty lenses constitute the usual 
series in Uiis system, that is, 30 + and 30 — lenses. 

Power of a liens in relation to the Position of its Principal 
Focus. — By the inch system of measurement, the strongest lens being 
taken as No. 1, the numbers attached to all other lenses represent 
fractional parts, as regards refracting power, of the standard of 
unity. The power of each lens is in an inverse ratio to the distance 
of its principal focu& Inverting the number expressing the princi- 
pal focal distance of a lens, uierefore, gives a ready means of 
expressing its power. Thus, taking a lens with power to cause 
parallel rays to converge to a focus at a distance of 1 inch from 
its centre as the standard of unity, another lens by which similar 
rays are brought to a focus at 2 inches from its centre, has mani- 
festly only half the dioptric power of the former ; another, whose 
focus is at 3 inches, has only one-third of the converging power 
of the first ; at 10 inches, one-tenth ; and so on through the whole 
series. In the fiist instance the focus is 1 inch, and the power is 
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expreaaed as 1 ; ill the second, the foous is S inubeit (or >), and 
the power is ^ ; in the third and fourth cases, the foci being 3 and 
10 inches respectively (or ^ and -i^) the powera are ^ and I'g ; and 
aimilorlj through all the seriea. 

Bj the metrical sjatem of meaauremeDt, as ai lena of very feeble 
power is taken as No. 1, the numbers of ether lensea repreaent 
itiultiplei of the standard of unity, and tiie diManse of the principal 
focal is in an inverse ratio to the poaer of the lens. Inverting the 

Ewer, therefore, gives the jwaition of the fooits. Oua dioptric, or a 
IS of one metre fociis, being the standard of unity, a lens which 
has the power of two dioptrics, or a No. 2 lens, )im Its focua at a dis- 
taace of half a metre, or 50 cm. ; another, winch has the power of 
four dioptriiK, or a No. 4 lena, huB ite focus at ane-fourtb of a. metre, 
or 35 ctn.; of ten dioptrics, No. 10 leiis, one-tenth of a metre, or 
10 cm., and so through the whole series of lenses. 

Comiiarison. of the Two Syatems of Kumeratlon of lenses. 
— The difference in the practical working of the two aystems is very 
^^t. Two important chaaRes have been effected by the introduc- 
tion G^ the metric system. 'HLe potential intervals between the siic- 
cesaive numbers of lenses have been simplified, and errors from the 
different lengths of inches in different eountriea, and conaequent 
vajiatto:is in lenses nominally of the aanie power, have Deen 
avoided. 

In the inch system of numeration, as regards the difference iu 
]iower between lenses of successive numbera, no two iutervala are 
alike throughout the series. The difference in power between a 
2-inch lens and a 3-inch lens, or lensea with powers equal to one- 
third and one-liaU of the standard of unity, is eipial to a fi-inch lena, 
or lens of one-sixth power ; between a 3-incb lens and a 4-inch laoa 
is a 12-iiicb leim, or lens of one-twelfth pow«' ; between a 4-inch and 
0-ineh lena is a SO-inch lens ; and is equally irregular throughout. 

In the metrical system, the value of the interval between the 
adjoining whole numbers is always alike. The difference in power 
is uuiformly Uiat of one dioptrie. A No. S lans has twice Che power 
of the No. 1 lens; a No. 3 lens is one dioptric stronger than the 
No. 2 lens; a No. 4 lena is equally one dioptric stronger than the 
No, 3 lens. A No. 10 lens has the power of 10 diojitrius, and the 
nine regularity prevails throughout. In working on this ayatem it 
is always known timt on taking a next higher whole number 
unong the convex lenses, the converging power is increased Ysj the 
strength of one dioptric, and in taking the next lower number, it is 
decreased by the strength rof one dioptric ; or, on dealing similarly 
with concave lenses, th»t the diverging quality is increased or de- 
creased to the same amount The relative strength to one another 
of all the lenses in the metrical aeries is thiia at once made known 
by their numbers. 

When the inch ^atem ia employed, the difference in vaJuu of the 
inches pnijxtr to different countries has to be tuken into account. 
The English, French, Austrian, end Prueaian inches all differ in 
gftli, aikd, though unimportant when dealing with weak lenses, 
Kit.) 
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these differences if ignored are liable to lead to important errors in 
optical practice when dealing with lenses of high powers. Hie Paris 
inch is '02707 of a metre, the English inch '02540; and thos the 
Paris inch exceeds the English inch by one-sixteenth, or, in other 
words, 16 Paris inches are equivalent to 17 English inches. The 
metre is of course the same in all places, and thus the dWcolt^ 
arising from the different values of inches in different countries are 
avoidSi. 

Another advantage of the metrical system of numeration of lenses 
is stated to be that the necessity no longer exists for using vulgar 
fractions, which is unavoidable in workmg with the in<^ eystem. 
If the most powerful lens of a series be taken as the standkrd of 
unity, all the other weaker lenses must necessarily be fracticmal 
parts ; if the weakest lens of a series be taken a£ the standard, all 
the other stronger lenses will be multiples of it. To those who are 
not ready arithmeticians, calculations of multiples are easier than 
calculations of fractions. This, however, only applies to whole num- 
bers. If parts of whole numbers are introduced into the senes, 
fractions, either decimal or vulgar, must be used in calculations con- 
cerning them. In certain parts of the metrical system of lenses the 
intervals are fractional, and in using these parts decimal fractions 
are employed. 

The Series of Metrical lionses. — Although the number of metri- 
cal lenses in use, as before stated, is 30, the highest in the series is 
20D, having a focal length of one-twentieth of a metre, or 2 inches. 
Under the inch system, although a 1-inch lens is taken as the 
standard of unity, the highest number employed in practice is also 
a 2-inch lens. In the metrical arrangement, the separation of a 
whole dioptric would have made too great a difference in the lenses 
of low power at the commencement of the qpale. On this account 
the lenses have been added to by quarters up to 3 dioptrics, and by 
half dioptrics from 3 up to 6 dioptrics. Prom 6 up to 20 dfioptrics, 
the difference in the focal distances is too slight to be broken. A 
table is given which shows the composition of the whole series of 
lenses. 

To convert Lenses nmnbered on the Inch System into their Sqni- 
valents in the Metric System. — If the nmnber of the lens be in Paris 
inches, invert it, and multiply by 36 ; if in English inches, multiply 
its inverted number by 40; the result will be the correspondmg 
dioptric number. Thus a 12" lens, Paris measurement, whose power 
is ^" multiplied by 36, is equivalent to a metrical lens of 3D ; or a 
10 lens, whose power is -jW", English measurement, multiplied by 
40, is equivalent to a lens oi 4D. 

Or, more simply, if the lens be numbered in Paris inches, divide 
36 by the number; if English inchesi, divide 40 by the number. 
Thus a 12" lens in the former case is ^ ^ or 3D ; in the latter is=f {( 
or 4D ; a 14" lens, Paris inches = fi = 2'57D ; a 16" lens, English 
inches = ^ = 2'50D. 

To convert Lenses nxunbered on the Metric System into their 
Equivalents in the Inch System. — If required to be in Paris inches, 
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divide the metric number by 36 ; if in English inches, divide the 
number by 40. Thus a 4D lens has for its equivalent in the inch 
system, Paris inches, ■^" or ^", or a 9" lens ; in English inches, -^"^ 
or ^", or a 10" lens. 

To find the Measure of the Principal Focus of Lenses numbered 
on the Metric System. — If the distance be required in centimetres, 
divide 100 by the dioptric number ; if in Paris inches, divide 36 by 
this number ; if in British inches, divide 40 by the number. Thus, 
taking for example a 4D lens, its focal distance is ^^, or 25 cm. ; or 
^, or 9 Paris inches ; or ^, or 10 British inches. Or again, taking 

a 0*60D lens, its focal distance is ^, or 200 cm. ; or .fj, or 72 Paris 

inches ; or .^, or 80 English inches. 

Table of Metrical Lenses and their Relative Values in Engrlish 
Inches. — ^The French metre being equivalent to 39*3707 English 
inches, as before shown, for practical purposes this may be regarded 
as 40 English inches. The calculations in the following table have 
been made on that basis. 
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Oylindrioal Iienses.^-A cylindrical lens is one which has the 
curvature of a cylinder instead of that of a sphere ; it is, in fact, a 
segment of a cylinder. The opposite sides of a cylindrical lens are 
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parallel with each other in the direction of the axis of the cylinder 
of which it is a segment, while there is more or lens curvature 
between them in all other directions. The curvature is greatest in 
the direction perpendicular to that of the axis of the cylinder. 
The foci of cylindrical lenses may Be either positive or n^;ative. 
There are several kinds of cylindrical lenses. 

Simple Cylindrical Lenses. — Ordinary cylindrical lenses are cylin- 
drical on one side only and flat on the other. They are known as 
ptarw-convex or plano-concave cylindrical lenses. But, like spherical 
lenses, they may be bi-convex or bi-cencave, or convex-concave or 
concavo-convex lenses. In these, which have both surfaces cylin- 
drical, the axes must be parallel. The plano-convex and plano- 
concave cylindrical lenses are the lenses chiefly employed for trying 
and correcting simple forms of astigma;tism. 

Bi-oylindrioal Lenses.' — ^These are lenses with both surfaces cylin- 
drical, but with ihe atxes of the cylinders perpendiciilar to each 
other. 

Action of Cylindrical Lenses upon Li^ht. — ^Kays of light falling 
upon a cylindrical len& are acted upon differently according as they 
fall upon the lens in a plane coincident with the axis of the cylinder 
of which it is a segment, or in a cross direction. Bays incident in 
the plane of the axis of the cylinder pass through it as through 
glass with opposite parallel surfaces, or as if it were a piece of plate 
glass. Eays incident in a plane at right angles to the axis are acted 
upon according to the amount of convexity or concavity of the glass 
in this direction. The more convex or the more concave the sur- 
face, the more convergent or more divergent the rays will be rei!- 
dered after their passage thi*ough the cylinder in this direction, just 
as happens with spherical lenses. The essential difference between 
a spherical lens and a cylindrical lens is that in the spherical lens 
all the rays which fall on it are altered in direction by their passage 
through it, while in the cylindrical lens similar rays pass through it 
unaltered in one direction, but altered in the opposite direction. A 
spherical lens brings the image of a source of light to a point, while 
a cylindrical lens brings the image to a line instead of a point. 

Spherico-oylindrical Lenses.. — ^These are compound lenses, of 
which one surface has a spherical, the other a cylindrical curvature. 
They are chiefly used in the correction of compound and mixed 
forms of astigmatism. 

Trial Case of Lenses. — A case' of lenses of various descriptions 
and powers employed for purposes of optical investigation. A com- 
plete trial case usually indudes full sets of the convex, concave, and 
cylindrical lenses just described, each bearing a distinguishing mark 
of its quality and power, together with a series of prisms, coloured 
i^lasses, stenopoeic diaphragms, opaque discs, and two pairs of lens- 
holders or trial frames. 

Trial Frames or Lens-holders. — ^Two kinds of frames are re- 
quired for holding lenses to serve as spectacles, and are generally 
supplied with each trial ease. One with a single groove is arranged 
for holding a pair of spherical lenses ; the other with a double 



groove for hotding cylindrical lenaea in n<ldition to the apherical 
(enaeBi. The posterior grooves are iateudul ii} hold the H|iheri<'nl 
leriaee ; tiie anterior, the cylitiilrical lennea. The meta.1 rim of eiich 
of the hemiBpherea withiD which the cjlindricai lens is p!ac«ii is 
divided iato degrees, plainly marked on the surface ; ai that nny 
required nwlination may easily be given to the uiis of the cyliii' 
driuial iena held by it. 

Beady Vests of Convex, Caocavs, and Slsiple Oyllndrioal Speota- 
cLe IinnnBn.— It is frequently iieossaajy toaa^rtain rapidly the nature 
of a leiia. This can be reiulily done tn thefollowing manner :— On 
holding the lens a few inches in front of ixmie printed type and 
loukitlK tliroat{h it at the print whUe the lens is moved in a, plana 
parallel with the plane of the print, if tlie priut is enlarged and 
appears to move m an opposite direction to the movement of tho 
leua, the (en» is convex ; if t]i« print is 'diminiahed in size and 
ai^>eaj3 to move in the same direction as the lens, the leiiB ia con- 
cave ; and if in either case the same ocean equally in whatever 
direction the lens is moved, the lens ii centric. If the respective 
ffiovementa just described only occur in one direction, the print 
appearing to remain stationary wlien the lens is moved in ^e opposite 
direction, the lens respedively is a simple -f- or — cylindrical lens. 

Similar indications will be obtained if the lens be moved an inch 
or so in front of the eye, and an object at a, distance of some feet off 
be looked at throu^th it. If the lens be a centric convex lens, the 
object will appciir in all directions to move the opposite way to 
the movem^it of the lens ; if it be a concave lena, it will appear to 
move in the same direction. If it be a simple convex cylindrical 
tens, the dimensions of the object will be elongated in one dil%ctiou, 
and in this direction will apjienr to move opposite to the movement 
of the lens ; while it will seem to be shortened, but show no move- 
ment, when the lens ia moved in a contrsjy direction. This latter 
will be the line of direction of the axis of the lens. If it be a simple 
concave cylindrical lens, the dimensions of the object looked at 
through it will be lesaeneil in one direation, and in this direction 
will appear to move in concert with the movement of the lens ; 
while It will seem to be elongated, 'and show no movement, when 
the lens is moved in the contrary direction. The last-named will 
be the line of direction of the axis of the lens. 

To asoertain the Power of a. Convex, Ooiuiave, or Cylindrical 
liens — This may be readily done in the case of a centric convex lens, 
even without atrial case of lenses, by ascertaining the distance of its 
principal focus. The raya of Ught from a window fi-ame 15 or 20 feet 
away, or, as ia often done in opticians' shops, from the large letters 
on s shop front on the opposite side of a, street, are allowed to pass 
through the lens and are received on a piece of white card or other 
suitHble screen. At one distance only can a clearly defined and 
sharp picture occur of the object from which tlie rays have come, 
and the measure of this distance from the lens gives the distance of 
its principal focus, and therefore of the power, of tie iena under 
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This cannot of course be done in the case of a diverging lenp«^ 
When the power of a centric concave lens is sought, it must be 
ascertained oy neutralising it by a convex lens of known power. 
This is quickly managed with a trial case of lenses at hand. A 
convex lens is taken from the case, placed in contact with the con- 
cave lens, and an object, such as the bar of a window frame, looked 
at through the two lenses combined while they are moved in front 
of the eye. If the bar appear to move in the opposite direction to 
that of the lenses, liie convex lens is stronger than the concave lens ; 
if the bar appear to move in the same direction,. the convex lens is 
less strong than the concave lens ; when the bar, seen through the 
two lenses, shows no movement on the lenses being mov^ the 
concave lens ia exactly neutralised, and the power of the convex 
lens being known, that of the concave lens is also known. 

In the same way the power of a convex lens may be quickly 
ascertained, if a trial case of lenses is at hand, by finding the 
concave lens which exactly neutralises it. 

In the case of a convex cylindrical lens, the principal focus, and 
therefore its power, may be ascertained by measuring the distance 
from the lens at which a point of light, as a candle placed at the 
distance of 10 or 15 feet, is brought to a sharply defined line of 
light on a screen. The power of a concave cylindrical lens must be 
found by neutralising it by convex cylindrical lenses of kno^n 
power ; and, indeed, both forms of cylindrical lenses can have their 
powers most quickly ascertained by neutralisation by opposite kinds 
of cylindrical lenses taken from a trial case of lenses, in the same 
way as concave and convex spherical lenses. The axes of the two 
opposite kinds of cylindrical lenses must be so placed as to coincide 
exactly in direction. 

Army Optical and Ophthalmoscopio Oase. — In the combined 
optical and ophthalmoscopic case which used to be supplied to officers 
of the Army Medical Department, in addition to the convex and 
concave lenses belonging to the ophthalmoscope, there was a pair of 
spectacles fitted with 10-inch convex or + 4 D lenses. Parallel rays 
falling on such lenses are caused to converge to foci at a distance of 
10 indies from their respective centres ; while divergent rays pro- 
ceeding f)*om points at 10 inches distance from their centres are 
refracted by them as parallel rays. 

Formerly spectacles with concave — 6" lenses were also supplied 
in this optical case ; but the supply was discontinued because it was 
found that their employment could be dispensed with without 
inconvenience. 

Jmgigem formed by Oonvex and Oonoave Lenses. — Images are 
representations of objects formed by concourse of the pencils of 
rays emanating from all the points of the objects which they repre- 
sent. All the points of a perfect image are the conjugate foci of 
the rays which have proceeded from corresponding points of the 
object. 

When an image is formed in the focus of a lens, and can be 
received on a screen, as at the focus of a convex lens for example, it 



is called real or potii:ive; when it is not formed by the aotiial imifin 
of rays in a, focus, but only appears to be au, and cannot be received 
on a, screen, it is calleil a airtwil itnat^e. 

An ima^ is erect when the object and image lie on the eame side 
of the ceatre of thu leiis ; is inverted when the object and image lie 
on oppoaite sides of the centre. The retinal image of any object in 
front of the eye ia an exiunple of a real and itimrted image. 

The diameters of the object and ita image are directly aa their 
distances from the centre of the lens ; an they aepai'ate from this 
poiat, the farther off either is, the greater its proportionate 

When on object ia phiced between a convex lena and its principal 
focuB, an eye on the other side of the lens aees a virlTtai image of 
the object, erect, magnified, on the name inJebut at a greater diatance 
from, the lena than the object. It ia on this principle that micro- 
scopea are formed. If the object be farther off than the principal 
focus, but ita distance be leaa than twice the focal length of the 
leus, the iniuge ia real, '.averted, magnified, and on the oppoaite tide 
of the lena to the object ; if the distoncse of tlie object be greater 
than twice the focal length of tlie lens, the image ia I'sal, inverted, 
diminiMked, and on the oppoate iide to the object. 

When an object is placed in front of a ccncave lena, on eye on the 
other side of the lens aees an image of the object which is virliial, 
ereal, diminit/ied, on the tame side and newer to the lena than the 
objert. The image is diminiahed when the distance between the 
lens and the object ia incceaseii ; but when the.diatonca of the 
object ia a large multiple of the focal length of the lena, fuitber 
iucreaae of its distance doea not appreciably alter the diatance of 
the image, or, conaequently, ita aize. 

Oomposition of Optlaol Iieaaea. — Lenses for spectacles are either 
made of crown glusa or quartz, and it is useful for surguona to have 
anme knowledge of their respective qualities and occasional defects. 
Lenses mode of quartz are described by the opticians who sell 
spectacles as "pebbles," or "rock crystal," and ore usually recom- 
mended by them as being clearer and cooler to the eyes tbiin glass. 
The clearness of view through pebblea depends on Uie quaUty and 
manipulation of the quartz, and can very rarely, if evei-, be equal 
to that of the best crown glass ; any superiority in coolness ia very 
problematiciil. The only real advant^ of "pebbles" is their 
greater hardness, so that their surfaces are not aci'atched and dulled 
so easily as those of glass lenses. Unless the quartz is unusually 
pure and transparent, is scientifically cut and shaped as regards 
refraction, it is a decidedly inferior material to good crown glass for 
optical purposes ; and it is doubtfid whether pebbles do not remain 
more trying to the eyes, even when proper attention is nven to the 
requisite qualities just named, tlian spectacles of the beat crown 
glais such as is specially manufactured for spectacle lenaes. Quartz 
ba» the quality of double refraction, and although it may not be 
perceived by Uie eyes in tbin lenaes of low powers, the images of 
objects on the retina ore lesa perfect in distinctness in conaequence, 
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tmpetaltr if the qiarts is Bot irdl c«t» mod a eotam amaont of 
ezerdae of accoiBmodatiQii ta^kes phrc in tiriag to render them 
■harp and singie^ The onlr wax to cad rock 'cr]ratai so as to avoid 
doable refraedoQ. is to cot' it exactlr p er p encKcolar to the axis of 
the crrrtaL ao that the axit of the lens which ia fonoed from it may 
coincide, or be paraUel with the axis of the original dystaL This 
operadoQ is difficult except in compantrvelT lare qiedmens of 
perfectly orystalliaed quartz^ l e quii e s ^wdal will, and roiderB the 
lenses more costly. 

It is scMnetimes desirable to establish whether a pebble I&ob is 
froperij cat or not Thk can readily be done by looking throog^ 
the lens placed in a tourmaline forceps, whidi may be procured at 
the establishments of all good opticianfli The blades of the f oroep 
consist of two thin plates of toormahne, one of which can be 
revolved in front of the other, and they admit of a loos being placed 
between them. On taming the movable tonrmaline plate, wnen it 
arrives in a certain position the trsnsmitted li^t becomes pdarised, 
and is as it were extinguished. If a qnarts lens is now placed 
betwe^i the tourmaline plates, the light is depolarised, and the field 
becomes luminous ; if the lens were a risss lois, the field would 
remain dark. This serves to disdnguiHi between a glass and a 
pebUe lens. On further examinati<Hi of the quarts lens, if it has 
Deen cut perpendicular to the axis of the oystal, its centre will be 
seen occupied by a series of concentric cc^oored rings ; if no such 
rings appear, it has beoi cut in a contrary direction. If the rings 
i^pear toward the edge of the lens, or are elliptical in form, it is 
d^ective, for it has be^ cut obliquely in reelect to the axis of the 
crystaL 

Glass lenses for spectacles should be made of pure, colouriess, and 
perfectly homogeneous crown ^as& They shoula approach as nearly 
as possible in limpid transparency to that of the dic^tric media of a 
young and perfect human eye. Inferior lenses are made of a bad 
quality of crown glass, having more or less of a greenish tint, not 
unfrequently containing microscopic air globules, q)ecks, or strife, 
owing to an imperfect mixture oi the vitrifiable ingredients which 
enter into the composition of the glass. The lenses are thus rendered 
unequal in their refractive power, and in consequence are propor- 
tionably trying and injurious to the eyes that use them. 

Spectacles — When lenses are applied in the form of spectacles 
for the purpose of relieving visual defects, several points of optical 
importance require attention. Glasses of the proper description 
and power may be ordered by a surgeon, but however good in 
quality the lenses may be, unless they are rightly disposed by the 
spectacle maker, their purpose may not only not be attained, but the 
eyes concerned may be much inconvenienced by them. Spectacles 
often require the inspection of the surgeon who has ordered them, 
to ascertain whether nis directions have been carried out. 

Spectacles should be so aimnged that the visual axes pass through 
the centres of the lensea The frames containing the lenses must 
therefore be accurately measured and fitted, neither too narrow nor 
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too wide. If the viauaJ aiea ilo nnt pass thritugh the centres of the 
lenaaa, the line of sight of each eye will be either to the outer or to 
the inner side of the centre of the corresponding leiis. If the lenaen 
used he convex, and the line of night jyaas through the outer port 
of each lens, aa in too narrow spectacleH, the rays arriving at each 
eje from the object looked at, are acted upon as if they had pamed 
through a prisra with its basE turned inwards ; if the line of night 
of each eye paaa through the inner part of a convex lens, aa will 
happen when the leneea in the apectacles are placed too far apart, 
the rays of light from the object looked at are clianged in direction, 
HB they would be in passing through a prism with its base directed 
outwards. The position of the two eyes must change in onler to 
meet the altered directions of the rays falling on the macula lutea. 
In the former case the eyes will have to converge less, in the tatter 
case more ; and where the spectaclea are used for near objects, as 
in jffesbyojiia for reading, the increased demand made on the action 
of the muscles of convergence, and the disparity- caused between 
the exercise of convergence and that of the accommodation for the 
distance at which the print is placed, will entail a sense of strain 
Mid uneasiness (Msthenopia) about the eyes. "When concave spec- 
tacles are worn, and are not properly centred, the effects will be 
tie reverse of those just named for convex glnaeeB. The necessity 
for the visual axis passing through the centre of each lens, involves 
a difference in position of the lens according to the purpose for 
which the specfaelea are wont. If they are used for correcting 
distant vision, as in myopia ami hypermetropia, the two lenses must 
be parallel with one another ; it for correcting vision of near ob- 
jects, they should be inclined at such an angle toward each other 
as to allow the visual lines to pMS through their centres to the 
visual distance of the objects looked at througli them. So with 
bi-focal spectacles, in which the upper half of the spectacle is used 
for distant objeota and the lower lens for objects near at hand, the 
upper lens sections should be placed parallel with the vertical 
planes of the two eyes when looking forward, and the lower lens 
sections connected with them at such an angle, about 76", as will 
preserve the same correspondence in direction when the eyes are 
turned downwards towards objects close at hand, as in reading, the 
centres at the same time being moved slightly inwards, to allow (or 
the conveT^nce of the two eyes. When one side of a spectacle is 
allowed to drop t« a lower level than the opposite side, an ocenr- 
rence which may not nnfreqnently be noticed, tlie visual axis of 
one or other eye no longer accords witli the centre of the lens before 
it, and the discord lea-is to visual disturbance. A horizontal line 
joining the two centres of the lenses of a pair of spectacles ought to 
be exactly parallel with a similar line joining the centres of the 
pupils of the two eyes. A want of congruence in this respect is a 
freJpient source of error when folding glasses are used. 

SlatanceB of Speotaclea from the ByeB.^When spectacles are 
worn to correct refractive defects of the eyes, they should he so 
wJim rted that the lenses are placed as near as possible to the anterior 
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focus of each eje, t.d., about half an inch. (13 mm.) in front ci the 
cornea. When they are worn to correct failure of accommodation 
(presbyopia), the positions of the lenses are less important ; if they 
are removed an mch or so further from the eye than its anterior 
focus, the only effect will be to modify slightly the apparent size of 
the objects looked at, and to alter the position of the near point of 
distinct vision. This is met by suitalfly adjusting the distance at 
which the objects looked at are placed. 

Eyeglasses. — ^The use of a single eyeglass by any one who has the 
use of both eyes is not to be recommended, excepting in rare cases, 
when its purpose is to adjust the refractive power of the eye before 
which it is placed, so as to make it agree wiui that of the eye which 
is left free. If the effect of the glass is simply to assist uie vision 
of the eye to which it is applied, while that of the other eye is left 
unattended to, the action of an eyeglass becomes more or less 
deleterious. The two eyes should idways, as far as practicable, be 
exerted in concert ; if the retinal image in one be habitually sup- 
pressed, the unused eye will in time become amblyopic. Eye- 
glasses are not allowed to be used at target practice at the School 
of Musketry, though spectacles may be worn. 

Spectacle Frames. — ^The frames should be well fitted to the form 
of the face, should not press on the temples, but should only rest on 
the bridge of the nose and the top of the ears, and, whatever the 
metal of which they are made, should be sufficiently firm to main- 
tain the right positions of the lenses. When they are used for 
vision at near oojects, or for work in which the face is required to 
be bent forwaixl, it is advantageous for the extremities of their 
sides to be curved so as to hook behind the ears, and be thus pre- 
vented from shifting or dropping off. 

Pantosoopic Spectaoles. — A name given by opticians to spectacles 
in which a portion of the upper margin of each lens is cut away, so 
that they are nearly flat at the top and oval below. They enable 
the spectator to see over the lenses when he is not looking at near 
objects. The lenses, and the parts of the frames holding them, are 
set at an angle with the sides of the frames, so that the upper 
borders of the lenses are tilted to a certain extent forwards. They 
are suitable for emmetropic persons who have become presbyopia 
Some convex lenses are made perfectly flat above with the usual 
oval below; while other concave lenses have this shape reversed, 
and are made oval above and flat below for myopic persons. As 
spectacles of these last two kinds are occasionally used by artists, 
tney are usually sold under the name of " sketching spectacles.'' 

Equi-oonvex and Eaui-conoave Spherical Lenses in Spectacles. 
— Bays which pass through the secondary axes of a spherical lens, 
although impinging obliquely, are not much altered in direction on 
leaving the lens, because the opposite siirfaces near the centre are 
nearly parallel ; but as rays approach the circumference of the lens, 
they become more and more oolique relatively to the curvature of 
the lens, are more strongly converged on emergence, and con- 
sequently have a tendency to intersect at points nearer to the lens 
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than its principal focuB. This deviation ie known aa aberration of 
tpkericUy. It gives rise to a certain miioimt of iniperfettlon in tiio 
nse of bi-convez ajid bi-concave Hpherital lenses as epectaclea when 
the ejes are so turned as to look obliquely through them. Ab the 
I'&jB moat free from deviation are those which moat perfectly 
coincide with the principal axis of the lens, it foUowa that, as 
before mentioned, vieion tlirough a B|)":!ctacle is best when the eye 
looks direct through its centre ; and it is for the purpose of main- 
taiaiug vision in this direction that petBons wearing Bpectacles, even 
when perfectly fitted, or using a glass, are in the habit of turning 
the head altogether towards an object in cases where persons with- 
out Hpectflclea would merely turn their eyes. 

Ferisoouio QlaBBda — Lenses concave on one side, convex on tlie 
other ; Meniscus lenses. They are positive or minus lenses, ac- 
cording as their convexity or concavity is respectively in excess. 
They have been designed to overcome the effects of the spherical 
aberration just referred to of equi-convex and equi-concave sjjec- 
tocles. They in some measure enable the wearer to see more 
obliquely and hence to have a wider field of view ; to look round 
with less inconvenience when the eye only is turned, and hence 

OrthoBoopic O-lBBseB.^ — Spectacles, so called by Dr. Schefler, who 
has written very fully on their advantages, consisting of eocenttic 
portions of spherical convex or concave lenses, so that they may he 
regarded as a combination of lenses and prisms. They are arranged 
on the principle that the deviation of the rays of light caused by 
the prism may be in proportion to the changes in the visual dis- 
tance caused by the lens. 

Their intended purpose is to correct disproportions between the 
exertion of acoonmiodation and the convergence of the visual lines, 
which occasionally exist when ordinary convex and concave centric 
lenses are used in assisting vision of objects at certain distances 
near to the eyes. If perfectly arranged, the action of the prisma 
would cause the visual lines to converge and meet at precisely the 
same distance as the principal focus of the lens, and, by their being 
balanced, there would be no need of undue exertion on the jiart of 
either the muscles of convergence or accommodation. The results of 
the use of orthoscopic glasses are not satisfactory ; they are incon- 
veniently heavy, and they produce a certain amount of distortion 
of the objects looked at, disadvantages which more than counter- 
balance their advantages. 

Duplex Footil, Bi-fooal, or Franklin OlaHao".— Spectacles with 
the upper half adapted for looking at distant objects ; the lower 
half tor near objects. They are elsewhere referred to. The lower 
se^ent is united with the upper at an angle so that the visual 
axis, ia tlie diiferent positions required for seeing distant and near 
objects, falls on the surface (A each segment at a right angle. 

Thus the upper segment may be made to correct H. ; the lower 
H. combined with Pr. ; or the upper to correct M., as i-egards dis- 
t viuion, the lower to correct M. for some relatively near distanoe, 
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or Pr.,a8 in the glajBses first used by the philoBopher Franklin, after 
whom they are named. 

Tinted Spectacles. — Plain glafises, or convex and concave lenaee, 
niay be tinted in various shades of blue colour, or may be simply 
darkened (neutral or smoke-tinted glasses), with a view to lessen the 
effects of glare, as of tropical *light, or sunlight reflected from snow 
or water, or to prevent the irritation caused oy light in photophobia 
from any cause. For this latter purpose blue-tinted glasses are the 
best, as they neutralise the most irritating rays of the spectrum, the 
orange rays. Opticians supply eight de^ees of saturation of blue- 
tinted glasses. A set of specimens obtamed from a leading manu- 
facturing optician in London were designated by a series of numbers, 
the saturation bein^ least in No. 1 and gradually increasing to No. 8. 
They also supply eight shades of neutral or smoke-tint^ glasses, 
respectively distinguished by the letters A to H, the saturation 
being least in A and gradually increasing to H. 

Eye FroteotoTs. — Spectacles so called because they are chiefly 
employed to protect the eyes against dust, grit, or in certain trades 
against particles of metal and other substances which would 
injure the eyes if they reached their surfaces. They consist 
ordinarily of spoon-shaped but plain glass, having such forward 
aonvexity as readily to cast aside particles on strSdng them, and 
equally to protect the eyes from the force of a strong wind when 
meeting it in front. When blue-tinted, and they are correct in 
form, tney are very useful for protecting weak eyes against the 
irritating influence of orange-coloured light, and also a^^ainst the 
glare of the sun, as in India and other tropical countries. They 
allow air to pass freely over the eyes upwards and downwards, and 
thus are far better than glasses so shaped as to fit close to the orbit, 
for these heat, relax, and sometimes inflame the eyes by impeding 
the normal evaporation of their secretions, and by preventing the 
access of any air to them. They are also better than double 
spectacles with glass sides, which are objectionable not only on 
account of heating the eyes but also on accoimt of their weight. 

The eye protectors sold in some shops require careful examina- 
tion, as they are not unfrequently defective in form, so that they do 
not act simply as a cover and shade to the eyes, but operate as 
convex lenses, and fatigue vision by causing a certain amount of 
distortion of objects. They can be easily tested in the same way as 
has been already described with regard to convex and concave 
lenses. Inferior glasses are also not unfrequently coloured unevenly 
in the grain of the glass, and sometimes contain specks and other 
imperfections, which are less noticeable than they would be in 
unstained glass, owing to the fact of the glass being tinted. Such 
defects are always more or less detrimental and disturbing to 
vision. 

Gtog'ffles. — These are also contrivances for protecting the eyes 
against dust, glare, and other sources of irritation. They are formed 
of various mateiials, wire gauze, or a combination of wire gauze and 
glass, and may be set in spectacle frames or only fitted to the 
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orbits, and held in place bj ribbons that may be tied behind the 
bead. The goggles snjiplied to the troo|i8 engaged iii the recent 
military opetationa in Egypt consist of two oval flat piecea of blue- 
tinted glass. Bet in front of two bont-ahaped fine ivire-gauze sides. 
The glaases and the gauze wire were kept in shape by narrow steel 
frames or borders, and the whole was so fashioned that the edges 
fitted closely to the Iwny marina of the two orbits. The eyes were 
■ thus completely enclosed within the goggles. Each pair oi goggles 
were connected on their inner aspeeta by a piece of cord admitting 
of a certain Jiliiy, so that the goggles might adapt themaelvea to eyes 
at different distances apart ; and at their outer edges wure connected 
by a piece of elaetic cord Bufficiently long to permit it being paBsed 
over the ears and behind the head, and to hold them in position 
when they were worn. When not required for use one goggle conld 
be placed within the other ^ggle and the two put together in an 
oval japanned tin box, 2^ inches long by Ijf inches across, and 
1 inch deep, for security. Portability, lightness, ami compM^tive 
cheapness were thus aectired, while they answered the purpose 
of wai'ding off the grosser particles of sand and diminishing glare. 

Prianialjo Q-loaaeB. — Spectacles fitted with prisms, or with prisms 
in combination with conves and concave lenses, nre occasionally 
nsed for vurious optical purposes ; such as to correct slight declina- 
tions of the visual lines, whether upwards, outwards, or inwards, 
and thus to prevent visual confusion from double images ; or to 
relieve astljenopia depending on undue strain of the M. recti interni, 
DB when persons with hij;h degrees of myopia read a work at near 
distances at which there is little or no parallel exertion of accommo- 
daljon with that of tha convergence. Their action will vary accord- 
ing to the position given to the prism. {See Prisms.) 

Stenopoelo Hole. — A very small circular opening in the centre of 
an opa<]ue metallic diaphragm, The effect of the stenoposic hole, 
when the eye looks through it, is to eiclude the marginal raya of li e 
cone of light, proceeding from each illuminated point of an object, 
which would otherwise pass through the pupil, and thus to lessen 
the area of the circle of diffusion on the retina in the case of any 
eye that is not emmetropic. At the same time that the marginal rays 
are excluded, a certain pottiou of the light emanating from an 
object is necessarily also excluded, so that the luminous impression 
on the retina is proportionably diminished. Objects looked at 
through a stenopceio uole appear darker, and both the range of 
vision and tlie advantagea of ocular movemento are curtailed by it 
"niB st«nnpraic hole is often of use in determining whether deficiency 
in acutenesa of vision is due to ametropia or ta some other ocular 
defect It is very important for optical purposes that the margin of 
a steiioiiopie opening should be perfectly clean and even. 

SteooiMBlc *Sllt. — A narrow slit in an opaque metal diaphragm. 
The effect of the stenotxeic slit, when placed before the eye, is 
to limit the entrance and passage of rays of light to one meridian cf 
the eye. It may bo conveniently employed in the diagnosis of 
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StenopoBio Holder. — An appliance provided with a stenopoeic 
slit, 80 arranged as to be capable of oeing lessened or incr^uaed 
in width, and adapt^ for nolding concave or convex spherical 
lenses. The appliance is provided with a suitable handle. li is 
chiefly employed in the diagnostic examination and in the correction 
of astigmatism. 

StenopoBio GlaMes. — Opaque glBi«es with veiy narrow openings, 
either in the form of a circle or of a slit, for limiting the transnussioi^ 
of rays of light to the eye. They are used to improve vision, when only 
a particular portion of the dioptric media is clear, by preventing the 
disturbance due to light being diffused through partial obscurations 
of the cornea or of other of the dioptric mema ; in irregular astig- 
matism, to restrict the passage of lignt to a particular portion of Ihe 
cornea ; and also when it Lb desired to lessen the amount of li^t 
entering the eyes, as in tropical countries in cases in which the 
iris is permanently dilated from any cause, or in which the iris or a 
large portion of it has been removed by iridectomy. 

Strabometer or Strabismometer. — An instrument for measuring 
the linear extent of deviation of the (centre of the cornea of an eye, 
which is displaced literally' from the position it would occupy in 
normal binocular vision on the two eyes looking directly forward at a 
distant object, as happens in convergent and divergent strabismus. 
It consists of a small ivory plate, fitted with a handle, and made 
suitable in shape for being applied to the lower lid of an eye. At 
the curved margin of the plate a scale of marks and figures is 
engraved, indicatmg distances in millimetres, or parts of inches, on 
each side of a central mark which is intended to be placed in line 
with what would be the normal situation of the centre of the cornea. 
As soon as the instnunent ia adjusted, the distance of the displaced 
corneal centre from the line indicating this normal position can be 
at once read off from the instrument. 

Prisms. — Prisms of different powers are used in certain parts <^ 
ophthalmic practice, especially in the investigation of strabisimis and 
diplopia. JPrisms for optical purposes essentially consist of a 
solid piece of crown glass contained between five plane surfaces, of 
which three — ^two aides and a btzse — ^are rectangular, and two — the 
ends — triangular, these latter being at right angles with the base of 
the prism, and therefore parallel with each other. The line of 
junction of the two inclined surfaces, or sides, is the edge of the 
prism ; each triangular end represents a prificipal section of the 
prism. In order to adapt them for use in front of the eye, how- 
ever, the angles are sometimes rounded off, and a shape thus given 
to them which is nearly circular. When rays of light are made to 
fall upon one of the sides of a prism, and to pass through it, they 
are refracted towards its base, and the degree of their deflection on 
issuing from the other side of the prism varies according to the size 
of the angle enclosed between the sides through which the refracted 
light has passed, or, in other words, according to the angle ofrejrao- 
Hon of the prism. As a consequence of these qualities, when an 
object is looked at through a prism, its apparent position is changed ; 



iteeems to shift its direction towarda the edge of the prism, and 

the dietanoe to which it a()pearH to Iw shifted from ita acinual 
poaition increases with the increase in the refracting angle of the 
prism. Taking advantage of these factti, the rays from a given 
object may be made to imjninge upon any part of either retina, hy 
the use of priama of difierent degreea of atrength ; and fay theae 
means tlie presence or absence of biuooular vision may be deter- 
mined in doubtful caaea, diplopia may be counteracted, and aingle 
viaJon featured, or the relative strength efith^iaeveral motor muades 
of tfae eyes may be tested. 

When a, pair of prisma of eqnal refracting angles are placed before 
the two4ye9 with their bases outwards, and an object situated at a 
limited distance is looked at, it ajipeara at first to each e^e to be 
diaphuied in a direction towards the. edge of the priam .or inwards, 
and the strain on the musclea o! convergence of the two eyes, the 
recti intemi, in order to preaerve aingle vision is increased ; when 
the prisDis are placed with the bases inwards the object appears to 
each eye to be diaplaced outwards in the direction of the edges of 
the prisms, and not only is the e:itra strain on the recti intemi 
muscles then taken ofT, but the need for the normal action of these 
muscles may be lessened. 

The strength of the convergent power of the eyes may be 
measured by causing the two eyea to look in the manner juat 
described at an object situated in a plane midway lietween them, 
tlirouii^ two prisms with tlieir bases {lirected outwards. Tlie 
objeM which appeara to be displaced in the direction of the edgea 
of the two pnnna reapectively, or acroos the niedisji line, if uie 
prisms be of Buffieient strength, will be seen double, and, if the 
power of the prisma is greater than that of the internal reeti muscles 
to fuse the double images into a aingle one, the two images will 
■remain at a certain distance a^iart. The highest refrnctiiig angle in 
the prisms which can be overcome by the muscular efforts, aa lULown 
hy the fusion of the two images into a single image, ail'ords the 
ineaanre of the extent to which the converging faculty can be 
Bierled. 

In like manner, if the bases of the prisma be held inwards, the 
limit in diverging power ef the external recti muacles may be 
mea8ure<l. 

The prisms soppiied in the caaea of eye lenaea and prisms 
in ordmary use have angles of refraction varying from 3° to 
24°. 

AbtiTflTiatloDL — The following ^abbreviations are occasionally 
employed in this manual : Em. for Emmetrc^na ; M. Myopia ; Hni., 
manifest Hypermetropia ; HI,, latent Hypermetropia ; H., absolute 
Hypermetropia ; Ast., Astigroatism ; C, Convergence ; CyL, Cylin- 
drical ; V, acut«neas of viaion ; Pr., Presbyopia ; P., proximate or 
nearest point of distinct vision ; B., remote, or most distant, point 
of distinct vision ; Sn., Snellen's types ; D., dioptric ; 1 m., one 
mntre ; 1 cm., one centimetre ; 1 mm., one millimetre. 
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CSiiBf ▼«««»— of ybcmlA^furtwiBi - -M<aaire <rf focaJ dirtmce 
r.^in^ U!e -.-Li-iC f'^^^Tzrv -i-f ui<:ee .ra7i:«i:«L» ■:( vi^Eon wkkii ckpend 
m«:4L TL<e •coti-.^akl ^i'-^sszExtiz cc ih-r «ve ia a maRTe icate of rest or 
itat sz^ze in vk: .ik iiktrt is &> iftcfhTt*- ex«ftk>c »ji accfycsMMnodatixm^ mil 
Ti&rieue* iii iti^ nsz^iMiz ccjkv V ^jka!lKi 3Qii«r ihr«« beads or natnnl 
dfvis-.asw TYk^ AT* exic^esEicii bj ^fce f-Xfrowin^ terms : — 1. £xMK- 
TB.-FIA- f.>:ris in •Mrrev't m^^ftsurr. the nrfn*ctive p>wer of the eye 
rKu;^ :^'niL^ : ± Ht?s:-xete.op:x iiii*i«r meaeme. or Bra/dij- 
iD^tT«>rjpbk. f'>:ns sh*: rt in mcasuiv. the refractive pover of the eve 
hiiinz in ex>^Es» : a. Htfe2-X£T£opsa. focus Wyond measure, tlie 
pefra»rtivr power of the eye 'oe-ine deficient in decree. Bat, as 
reeuds Na 2. Hyi»metn>pia and BriL^ky-metropuL tl^e old claflBacal 
term — xtop:a. derired fr^m the haUt of short-sighted penoos 
pe&rcuJly cl-«5inj or nip'pinff t.vjether their eyelid*, is so familiariy 
kiiowii. and is so cc-cvenient iVt avoidinsr mistakes fiom simihuity 
in sound between the Greek derivatires signifying under and over, 
thiat iCff u^ ha.s Y'tirn imiversolly o>ntinued. 

Ametbofia. not in measure, is a term which simply signi^es that 
the cfmdiii'fn of emmet ropia does not exist : it therefore compre- 
hends the condition of myopia as well as that of hjk'per-met ropia. 

Astigmatism is a variety of dismdered focal adjustment of a 
o>mfy>und nature, the chi^ features of whiclu when c<»isidered 
Heparately, are, however, subjected to one or other of the three 
lea^ling divisions aVjove named. 

The terms Is^jmetropia, with its adjective form iaometropic are 
s^^metimeM iisefl to exfiress briefly that both eyes of an individual 
are erjual in refractive quality and power; Amsometropia, and 
ani$f/nuitro/nc, that, although similar in refractive quality, they 
differ in their degrees of that quality ; Aktimbtropia, that they are 
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diaaiinilar in quality, as when one eye is enunetmpia but the other 
ametropic, or that their refractive qualities are both defective and 
at the same time oppustte in kind, as vhen one eye is myopic ajid 
the other hyper-metropic. 

The vanetiea of focal adjiiHtment before named, as already 
mentioned, refer to the refractive quality of the eye when it is in a 
8tat« of rest or repose ; Ijut the focal adjustment of &1I eyes under 
normal conditions may be more or less chajosed by the exercise of a 
special Function, named Accouuosation. 'mis function is described 
elsewhere (see p. 60). 

EHMBTROrlA. 

Definition. ^Normal sightedness, in respect of the refractive 
power of the eye in a state of repose, that is, when it is not exert- 
ing any of il« accommodalory power. 

Optical ConditlonB. —The dioptric media of the eye are so adjusted, 
that, by means of their combined refractive qualities, rays of light 
emanating from distant objects, that is, objects at a distance of 15 or 
SO feet and upwards, and falling upon the eye practically as parallel 
rays are brought accvuately to a focna upon the auterior surface of 
the sentient layer of the retina. In other words, the retina is so 
placed as regards measure of distance, that it is precisely in the 
plane of the principal focus of the dioptric media of the eye ; the 
two distances, that of the retina and that of the princip)al dioiitric 
focus, are in perfect harmony. 

Futheat Point of Distinct Tlsion. — Infinite distance ; or the 
dislance of the farthest visible objects, the fixed stars for example. 
However great the distance of an object ma^ be, so long as the 
other conditions necesxaty for vision, viz., suflicient size and illumi- 
nation, are preserved, a perfectly defined retinal image of it will be 
formed by the emmetropic eye. 

DlaKnoslB of Bnunetropla may be established subjectively, (1} by 
types, (2) by spectacles, and (3) objectively by the ophthalmoscope. 

1- By Tiffiei. — The emmetropic eye, other conditions being normal, 
can road any of Snellen's types at the indicated distances with 
facility. 

2. B^ Spectacle!^— Y'mioD of distant objects is not improved either 
by a convex or concave lens as a hyper-metropic or myopic eye 
rMpectively would be, but, on the contrary, is deteriorated ni prc- 

Srtion to the increase in power of the lens applied to the eyf. 
inted letters of small type can be read at a distance of 10 inches 
from a convex 10-inch, or -|- 4 D lens, placed in front of the eye at 
the distance of the anterior focus of the eye, about half on inch from 
the cornea, for the rays of light comingfrom the print are thus caused 
to fall on the eye as parallel raya. The fai-thest point of dialinct 
vision of the emmetropic eye with a convex 10-inch, or -J- 4 D lens, 
before it is at 10 inches. 

Occasionally, as age becomes advanced, the subject of vision 
which has been regarded as emmetropic fiuda that he derives some 
advantage, as regards distant vision, mim the use of convex glasses 

(O.K.) » 2 



1 



36 THE OFTtCAL XAXUAL. 

of moderate degrees of power. This is a change which Professor 
Donders designated "AnjuirMi hTper-ttetrOpia," and in his great 
work on Anomalies of Refraction he has given a diagram showing 
fn>m various oliservatious the course of this change. According to 
this diagram the change begins at middle life, and at 80 years of 
age the acqnireii H. amounts to a deficiency of refractive power 
equivalent to 1*5 D, or a lens having a focus of 26{ inches. It is 
questionable whether in such instances the so-called acquired condi- 
tion of H. is really due to senile changes, or whether the eyes nnd^r 
i>liser\'ation have not always been hyper-metropic, altfaoi:^ the H. 
has not l>een detected, owing to its being supplemented by a certain 
amount of acc:^mmodation. PracticallV, nowever, whatever the 
explanation m-iy be, whenever the condition exists, the ' fact that 
vision for distant objects is improved by convex lenses takes the 
eves uuiler observation out of the category of emmetropia and puti 
them in that of hyper-metropia. 
3. 2?y Ophthalmoscopic Observation, — (See page 71). 

XTOPIA. 

Beflnltion.— Syn. : Hypo-metropia. Short-sightedness. Near- 
sightedness. The measure of distance of the principal focus of the 
dioptric media of the eye is under the measure of the principal axis 
of tlie eye, and the focus, therefore, does not reach the plane of the 
retina. The refracting power of the eye, when it is free from all 
exercise of accommodation, is in excess by comparison With that (rf 
an emmetropic eye ; so that parallel rays from remote objects an 
brought to a focus in front of the retina. Only divergent rays are 
focussed u])on the retina ; vision is, therefore, acute as regards 
objects within limited distances, while it is indistinct as regards 
distant objecta 

Farthest Point of Distinct Vision.— A fixed limited distance in 
front of the eye, the measure of which varies according to variations 
in the degree of myopia. 

Nearest Point of Bistlnot Vision. — ^This also varies in distance 
with the degree of myopia, but is always nearer to the eye than it is 
in a person of emmetropic vision at a corresponding age. 

Optical Conditions. —To produce a myopic condition of vision, 
either the antero-posterior axis of the globe of the eye must be 
prolonged beyond the distances of the principal focus of tbe refract- 
ing medicO, and this is the general cause in simple myopia ; or the 
refracting qualities of the dioptric media must oe increased out of 
proportion to the length of the eyeball, irrespective of exercise of 
accommodation. In practi)ce it is most convenient to ^regard the 
myopic state as depending on an excess of refractive power in the 
media of the eye, and to take no note of the increased leiigth of the 
antero-posterior axis of the eyeball. 

Causes. — Hereditary conformation of the eye, myopia, or a pre- 
disposition to it, being frequently transmitted by parents, and seen 
to prevail in many members of the same family. 
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Morbid cbauges at which. disteiiBion, atteDuatioii, aod protmaion 
postoriorl; of f£e sderotio coat, togetlier UHiiaJlj' witii aji atrophic 
couditioQ of the choroid coat, form, the nioet coiwpiouous features. 
This taaj either be Ki^ei^i the posterior hemiapliere of the eye 
beii^ elongated in all direutioiiH ; or, na frequently happens, it is 
locstl, the eye beiug ajore elongated iu the directiou of the autero- 
posterior axis tliau in other du'ectioua, (Staphyloma posticuin.) 

ConditioDB in which the ccmvoxJty of the cornea ia undulj in- 

Long-continued conTergenee of the eyes and ocular over-exertioii 
at near objecta, uuder ^vl'icll circumataucea a certain amount of 
doqgatioD of the globe is produced, going on if the origin of the 
miaebief is not atup^ied Ic staphyloma posticuu). Under eimilar 
conditioufi the capsule of the lens may logo some of its subjective- 
ueea to change of form, or, fr«m beiug so constantly accommodated 
tpi a. very nea;' poiut, the accunimodatory a]iparatu« luay ceuae to be 
aUe to relax itself suificiently to allow [lajuUel rajs to be brought 
to a tocua upon the retina. In this lai>-t case the parts concerned in 
accommodatio(i would be primarily in fault, but acquired myopia 
would become one of the results. 

Certain neurotics. He the extract of the Calabar bean, by exciting 
contraction of the cUiarp' mnacl* and constrictor pupillre, temporarily 
change an enunetropic into the condition of a myopic eye. 

8rmptotQ«.^In uncomplicated myopia near oljjects up to a 
limited point are seen quite clearly. Hence the common name of 
lie allection — near-sightednees. More remote objects are misty, 
enveloped in a tmze, and consequently only indistinctly visible. 
J>istelit objects, when highly illuminated or brightly coloured, often 
appear solid toward their central pajrt», bat attended by a ehadowy 
apparition, or apei:tral ledupUcation, of their outlines. The reason 
ma.t objects near to the eye are naturally seen by a myopic 
pwaoQ with preuisiun ia that tiie pencila of raya proceeding from all 
Uie illuminated points of these objects impinge on the eye more 
divergently thaii they do from distant object^ so that the increase 
Uj divergency V" ijig rendered proportionate to the over-measure in 
the convergent quality of tlie eye relatively to the length of its 
yisual axia, tlie raya are brought to a focus upon the retina, and 
projjer images are formed there. At the distant limit of distinct 
TJaion, the over-refractive quality of the uiyopic eye is just balanced 
ly tlie divergency o£ the rays proceeding from the object looked at. 
at that limit ; within that distance, aa the rays from objects become 
more divergent, the accoiuroodatory functiou is called ntto plav to 
supplement the refractive quality in order that the eye may still get 
d^ly-delined images on the retina. The reason why an object 
more distant appears " blurred," or surrounded by a halo, is Uiat 
after the raya proceeding from it hai'e been brought to a focus short 
of the retina, they cross each other, proceed divergently, and become 
spread out upon the retina. An image of the object is then formed, 
but as the pencils of rays proceeding from the object, instead of 
^^'^-a foc uas^ to c^;r^poiuliiig£oigto.i:^the retuuk ^ spread out 
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in successive circles, the ima^e is necessarily confused and indistinct. 
The rajs which proceed to form the image consist of a number of 
sections of divei]ging cones, and these sections overlap each other in 
its formation. 'Die circular outline of the image is determined by 
the form of the pupil through which the rays originally passed into 
the eye. The diffusion is greatest toward the circumference of the 
image, because the rays of the conical pencil become more divergent 
in proportion as they approach its peripheral limits. These scat- 
tered rays, for sake of brevity, are called " Circles of Diffusion.** 
The farther an object is removed from the eye the greater is the 
diffusion on the retina of the rays proceeding from it, for each 
j)encil of rays from the object is brought to a focus at a greater 
distance from the retina, and the cone of rays proceeding from this 
focus has, in consequence, a longer axis and a base of proportionably 
longer diameter where it is intercepted by the retina, than it would 
have if the ocular fociis from which it started were nearer to the 
retina. The habit which myopic persons have of partially closing 
their eyelids, and thus narrowing the iiiterpalpebral fissure, when 
looking intently at a distant object, arises from an instinctive 
endeavour to prevent some of the peripheral rays of light reaching 
the eye, and so lessening the circles of diffusion upon the retina.* 

Oounterfeit or False Myopia. — It is necessaiy to be on ffuard 
against counterfeit M., or a condition which may pass for M., but is 
really only a semblance of it due to irritation an(l spasmodic action 
of the parts concerned in the exercise of accommodation. Prolonged 
work at small objects, as in etching, long-continued reading small 
and defective print, and other similar near work, will sometimes 
induce an imitation of a considerable degree of M., particularly in 
eyes that are weak from any cause, although no myopia may really 
l>e present. A person may exhibit the condition referred to, ana 
may even have a hyper-metropic formation of the eye. The ques- 
tion of the real refractive quality of an eye under such circum- 
stances csm only be solved after the power of accommodation has 
been paralysed by atropia. 

Association of Myopia with Strabismus. — Myopia is not unf re- 
quently found to be associated with strabismus. The squint is 
occasionally, but rarely, convergent, in cases where the internal 
recti muscles have become disproportionately developed from con- 
stant use owing to the approximation of objects for distinct vision, 
and so do not admit of being relaxed in proportion to the external 

* I was once informed bf some myopic candidates for commissions In the army that 
they had been advised by trainers to apply Calabar gelatines to the eyes shortly before 
appearing for physical examination. This woulft produce contraction of the pupils, and 
80 lessen the diameters of the circles of diffusion, and consequently render the retinal 
images of distant objects less indistinct. For the time the influence lasted distant vision 
would in this respect be improved. On the other hand, the use of eterine to produce a 
condition simulating that of myopia is said to have bnen not unfrequently resorted to by 
conscripts on the Continent, for the purpose of avoiding military service : and on this 
account, in the military regulations of some countries, it is ordered that the ocular exami- 
nation of conscripts in special cases shall only take place after tR« accommodation has 
been paralysed by the employment of atropine. A simulated, or exaggerated, myopio 
condinon artificially produced by the me of eserine would thus be counteracted. 
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mudCles. It is mnch more frequently divergent. This prevalence 
of divergeot squint with high degrees of myopia is nsitally thus 
explaineJ. Aa the myopic condition leads the patient to bring amnll 
objects nenj' to the face to be seen clearly, strong convergence of the 
visual axes ia ulao necessary in order to ensure bmocular vurion ; and 
Ihua a strain is thrown upon tlie internal recti musdes, whioh they 
ore onable to maintain beyond a hmited period of time. Moreover, 
when the degree of M. is so high that the distant point of distinct 
firion ia only a few inches off in front of the eyes, no accommoda* 
tory exertion is required as there would be at a ainiitar distance in 
the cue of an emmetrofiic person. However, at ao near a distance 
Ac is exercised instinctively in association with the convergence of 
the visual lines, and the result is that the refractive state of the eye 
is added t^ and the distant point of distinct vision brought still 
nearer. The M. is, as it were, for the time increased in degree. A 
greater strain ia thrown upon the muscles of convergence, and the 
desire is naturally created to relieve this strain, and at the some 
time to get clearer iro&Kes of objects farther olf tlian the short 
myopic distant point. Should the length of the antero-posterior 
axis of the eye increase, increased myopia will be associated with it i 
and die dilBculties of the int«rmiJ recti muscles in effecting the 
Moessary movements of the eyeballa, and maintaining convergence, 
wiU be still further augmented. Under these several circumstances 
Iheocular adductors get BO over-fatigued, that they cease to actio true 
concert, and confused, or double vision, is liable to result. When this 
haf^tens, one eye, probably the stronger and more acute, will remain 
directed to the object in view, while the other eye will deviate a 
Jtttl« outwards ; a less central, and, therefore, less sensitive portion, 
of the retina will be brought in line with the object, and thus the 
production of a mental impression of its image will be avoided with 
more ease. Or the eye not in use may deviate still further outwarcis, 
and receive only the rays coming from distant objects, when, from 
th« myopic state of the organ, very diffuse and easily disregarded 
imagies only will result, and so again visual confusion be prevented, 
nnd, at the same time, the aching and uneasiness connected with 
the stretching nf the posterior tunica of the globe under esceasive 
convergence will be averted. Under both uieae conditions vision 
will be practically monocular, not binocular. The strabismus may 
be only temporary in its nature, occurring when neai' objects are 
fixedly regarded, or it may be rendered permanent by continued 
repetition of the circumstances just explained, and continue also 
when distant objects are looked at. 

DikKiLOBia of Myopia.— This may be established subjectively 
(1) by eitternai signs, (2) by types, (3) by spectacles, (4) by correc- 
tion, and (o) objectively by the ophdiaimoscope. 

1. Exlei'Tial tli^ns. — Tlie myopic eye usually presents some pecu- 
Uar chaiacteTB indicative of it^ condition. It is prominent, or even 
appears to protrude ; the pupil is usually contracted, and the con- 

1t nif^iing together of the lids produces a noticeable a^peaiwnce 
ie parts immediately surrounding the organ. The existAnce of 
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fliveif^nt HtrabimntM, whether obserrable only when the ^«i am 
directed to very dofie objects, or constant, as already explained, may 
be a further diagnoetic sign of mjropUL 

2. Bjf Tifpen. — ^The myopic eye, if no other defect exial; and Ike 
myopia l>e mtxlerate, not above ^, or 1*50 D, will be able to read 
NcA. 1 and aluo No. 2 of Snellen's types at the proper distanoea, but 
will not be able to read tlie larger types at the distances indicated 
by the figures placed above them. If the degree of myc^na be 
higher thaii -^^ or 3 D, then No. 1 of S. will not be read at quite die 
distance of 1 foot, and the forthest distance at wliich the types 
can be distinctly read will indicate the probable degree of die 
myopia. 

3. iiy the Spectaolea. — All convex glasses make vision of distant 
objectH worse ; wiicaveglasses, even of very low power, improve vimm 
of distant objects. When the -h lO'', or -f 4 D spectacles are worn, 
as Ixjfore described, one eye being covered, and small type is placed 
before the uncovered eye at a distance of 10 inches from the urns, it 
is found that the ty[>e cannot be read, but on brin^ging the t^rpe 
nearer to the lens it liecomes legible. The farthest point of distinct 
vision (^ Uie myopic eye with the -h lO'' or -f 4 D lens before it m, 
therefore, sliort of 10 inches. In examining the refraetive oosdi- 
tions of eyes with spectacles, the patient should stand with hia baek 
to the light, which should so fall on the print as to illuminale it 
tlioroughly. Tlie print should be advanced gradually towards tiba 
lens, a rigid inch measure being held at the same time horizontally 
by the side, and the distance of the first point at which the print 
becomes clearly defined should be carefuUv noted. In shading tha 
eye not under examination, the lids should not be dosed by pres- 
sure of the fingers, but the eye should be simply covered by the 
hand. If the eye be pressed upon some minutes must elapse before 
it will recover a suitable condition for optical examination. 

4. By the OpkUiuliiumcftpe, — (See page 71.) 

5. By Correction. — When the true degree of uncomplicated myopia 
is ascertaine<l, the projxjr concave lens K>r that degree will compUiUiy 
correct the abnormal condition. 

Expression of the Decree of Xsropla. — ^The degree ci myopia 
may l>e either expressed by the power of the concave lens whose 
princi]>al focus is situated at the same distance as the remote point 
of distinct vision of the myopic eye under observation, or by the 
pfiwer of the convex lens whidi represents the amount of the excess 
of refnicting i>ower of the eye relatively to emmetropia. The latter 
m(Kle of expression is tlie more convenient in practice. Myopia 
= 2 D or ^(, then signifies that the excess of refracting power in the 
eye equals the power of a -f 2 D, or + -j^' lens, and that this 
excess will be neutralised or corrected by a -* 2 D, or — -f^" lens. 
Tlie distant point of distinct vision of the eye with mycpia r= 2 D 
will be at the same distance as that of the principal focus of the 
— 2D lens, viz., at 20 inches' distance. 

Determination of the Degree of Xyopia. — ^When the existence 
of myopia is established, -its degree mi^ be detennined by simply 
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finding the distance of the remote point of dietiiict vision of the eye 
wider obaervation, or, in other words, the fartliest point at whith 
amall objects can be seen with perfect definition, and beyond whioh 
thejj begin to appuar blurred. The distance of the remote point of 
distinct vision agrees with that of the principal focus of the lens 
which represents the degree of myopia. But for reasons explained 
elsewhere it ia more ooavenieut iu miUtftrj practice to determine it 
by means of the + 4 D or + 10" Bpeotaclea, The distant poiot of 
diBtincI viaion is accurately aacertainBd after the + 4 D or + 10" 
lena hae been placed before the eye at the usual distance of specta- 
clee, viz., hnlf au inch in front of the cornea. Inverting the distance 
ao found, and deducting from it so inverted the power of the lens 
added to the eye, viz., i^", the difference gives the degree of myopia. 
Bm^peratlou of Kyonia troia Spaam. — In most cases of seem- 
ingly very high degrees of M., it is prudent to try carafuUj whether 
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than it really ia. Some myopes read with the print nearer to the 
eyM than their M. renders necessary. It may b« owing to faulty 
poBture, to a habit of reading in a bad light, of reading badly 
niiiited books in small type, or to other causes. !put under the con- 
aftioD named, an unnecessary amount of Ac is exerted, and this 
accommodatory exertion is liable to become so habitual that it 
cannot be easily relaxed whenever the eyes are similarly employed; 
The employment of atropine will suffice for the detection of the 
exaggeration. It prevents the exercise of the accommodation, and 
by thus removing the added refractive power, will show in any such 
case of exa^'eratiou, that the M. ia uut so high as the t«8ta without 
atropinizalion made it appear to be. If, in such a case, the appa- 
rent, but exaggerated, amount of M. were fully corrected, the true 
amount of M. would be over- corrected ; and constant exercise of Ac. 
would be required to neutralise this excess of correction even for 
vision at the farthest distance. The correcting glass, owing to its 

EDwer being too high, would reader the eye in question practically 
ypermetropic 
Sxample 1 — Suppose the distant point of distinct vision of the 
myopic eye with the + 4 D or + 10" lena before it, is found to be 
r,tf»enM. = 1--^ = -^. 

Sxplanatlon. — Let x =: the refracting power of the eye under 
examination ; let ee ^ the refracting power of an enuuetropic eye ; 
■jV = the power of the lens to which the eye has been subjected ; 
and J equal the power of the lens whioli would give the ascertained 
distant point of &' if the eye were emmetropic. The excess of 
efracfinc power in the example given is therefore obviously oquiva- 
^ to Uie difference between a {ih and a ^th. lens. This exc«es 



42 THE OPTICAL ICAKITAL. 

can only be in the eye itself, and its refracting power must evidently 
be reduced to a corresponding degree to bring it to a par with an 
emmetropic eye. 

Therefore x — (Jth — -j^th) = a ; or or — -Jjth = a ; or ^ — a 
+ 3^. M., the excess of refracting power over that of an emme- 
tropic eye, is = ^ .♦ 

Example 2. —If the calculation be made by the metric system, 
the distance of the remote point must be converted into dioptrics, 
and the dioptric power of the lens added to the eye, viz., -|- 4 D, 
must be subtracted from it. The difference gives the degree of 
myopia. 

Thus, in applying it to the measured distance given in Ex. 1, 
viz., 6 inches, which is equal to 6| D ; M. = 6| D - 4 D = 2^ D, 
or, in other words, M. is equal to a lens of 2*67 D, the principal 
focus of which is at 15 inches. 

To find the oorreotlngr lens. — The excess of converging power 
having been determined, it is corrected by a lens of corresponding 
diverging power. In the example given a — 2*67 D, or a — jV, or 
a 15" concave lens, will be the correcting lens, because this will 
neutralize the -|- 2'67 D or -|- i^ in excess. 

The distant point of distinct vision of the eye in this example 
when no lens is placed before it will be 15 inches off; or, in other 
words, the rays of nearest approach to parallel rays which the 
uncorrected eye is able to focus with accuracy are the rays with that 
degree of divergency which they have when they start from a point 
placed at a distance of 15 inches from the eye. A — 2*67 D or — -^ 
lens held in front of the eye causes parallel rajrs from distant objects 
to have the same degree of divergency as the rays reflected from an 
object at 15 inches* distance from the eye. The eye is thui 
rendered competent to form distinct retinal images of objects at 



* Reawng for adoptinff the Method described in the Text.— Tbtb oae of the constant 
+ 4 D or + 10*' lens for examination of ocular states of refraction is adopted in preference 
to other methods for military purposes, because It is equally applicable to the determina- 
tion of Emmetropia, Myopia, and Hypermetropia. and of the decrees in which the two 
latter condiiiuns exist ; because medical offieen o^nnot usually avail themselves of regular 
Kcries of lenses for conducting such investigations; because the mode of observation can 
be easily and quickly learnt; the observations can be conducted within a moderate 
range of distance, such as can be obtained in any ordinary room; and further, since the 
trials are usually made on po< sons who have no HnowledgjB of the effects of lenses, because 
efforts at deception, if attempted to be practised, are more readily defeated. Other 
methods of carrying out the investigation are only briefly referred to in the text, as the 
main object is to render this manual as concise and simple ai possible. 

Occasional oases will occur, when atropine has nut been employed, in which the true 
degree of myopia may not be exactly found by the use of the + 10* lens, because the 
person under trial has not been able altogether to relax his accommodation when fixing 
his sight on an object within 10 inches distance ; but such instances are very rare when 
the trial is thoroughly conducted. It is also to be taken into account that the action of 
the convex lens will cause the retinal images of the printed letters to vary within certain 
limits in (ize according to the distances at which the letters may be placed in front of the 
lens, but practically such variations as occur do not influence the results to any appreciable 
extent. This is proved by the fact that in cases of uncomplicated myopia and hyperme- 
tropia the degree of myopia thus found is shown to be the true one by the corresponding 
concave lens correcting the vision for distant objects, while the degree of manifest hyper^ 
metropia, when atropine has not been oscd, ascertained by the same means, is equally 
corrected by the corresponding convex lens. 



infinite distances just aa muuh as it waa able to do of the nearer 
objecEa at 15" without the lens. 

Men. — In defining the degree of M. with precision, a alight cor- 
rection has frequently to be inade for the diatanoe at which the trial 
lena ia placed from the eye ; and when both eyes together have lenses 
placed before theni, another aorrection often becomea necessary in 
[iraotice to compensate for the gain in refraction due to the amount 
i>f Acoommodation in activity which is associated with the con- 
vergence of the optic axes when both eyes are employed in regjirdiiig 
aa object. Bather weaker diwaea are consequently required under 
the drcumstonces named taaiL those which the ascertained distant 
[xiiiita inillcate. 

Oyer-oorcectlon of H. — -If the use of the lenses which have been 
ordered tor correcting the M, be found fn be all that la desired as 
regards distant visiot), but is attended with discomfort and ecliing 
when the eyes are employed in work at a moderate distance from 
the eye, leading to the inference that the Ae. is not effective (or 
wort at the distance indicated as would be the case if the eye vrere 
ammetropic, it should be ascertained it the M. haa not been over- 
correoted by the lenses supplied, and the eyes brought into a condi- 
tion of H., aa described in the previous paiigraph. The eyes should 
be again tested after they bave been subjected to the influence of 
atn^ine. If there be no over-correction, but the concave tenaes 
QvdAFed are found to be only equivalent to the excess of refraction, 
or, is other words, to the ilegree of M. which they have been calcu- 
lated lo neutralise, it becomes evident tlmt the Ac. from some canse 
OF other is alone at fault, and cannot he exerted to the extent necea- 
MI7 for obtnining clear vision of near objects when lenses fully 
Mmecting the M. are placed before the eyes. It is best under such 
eircumstauces to prescribe two sets of glasses — one set for fully eor- 
retiting the M., bat only to be employed for distant vision, a second 
set for Hse at a relatively near distance. The distance for which the 
second set should be <»lculated may vary according to the natnre 
and position of the work to be done with their aid^ — for such work 
as reading, for seeing notes of music, or for some mechanical occu- 
pa,tion. But under no circumstances should the glasses be calculated 
for ft distance very close to the eyea, or with tneir use all the dis- 
comfort and difliculties attending undue convergence and strain of 
Ac, will still have to be encountered. A readmg distance of at 
least 1 foi>t from the eyes should be provided for. This is especially 
necessary when the degree of myopia is so great as to place the 
distant pc)iiit of distinct vision very near to the eyes. It is im- 
portant to remove this point further off and so prevent the fatigue 
and nerve irritation entailed by aoeommodatory strain and exctssive 
convergence. The calculation xn\y \te made according to the duo- 
decimal system by lessening the dispersive power of tiie lena re- 
quired for full correction and for bringing parallrf raya to a focus 
on the I'etina to the extent of the power of uie lena representing the 
Ac that must be exerted to give distinct vision at the lUstance to 
; lens is to be adapted. Thus if a lens of — ^th power, 
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or — 10'' lena, is required to bring parallel rays to a focofl on the' 
retina, a ( — ^ + -j^) lens, or a — ^ in. lens, or — 30 in. lens, tnll 
bring the rays diverging from a distai;ce of 1/^ inches to a focus in 
the retina. The strong — 10 in. lens is required to correct visioii 
for infinite, distance ; the weaker — 30 in. lens wiU be employed 
fpr correcting vision at 15 inches' distance. 

By the metrical systen^ in the same case, a concave lens of 
4 dioptrics will correct vision f<»r parallel rays, a lens of — 4+375 1) 
(275 dioptrics being nearl^r the equivalent of 15 inches), or a lens of 
- 1*25 dioptrics, or of 32-inch focal length, will correct vision for a 
distance of 15 inches. 

Bxtenflion of Beading: Distance in High. Decrees, of Xyopia. — 
In like manner in a case where the M. is very high in degree, as ^ for 
instance, when it would be important to remove the reading or 
working point of distinct vision from a distance so near to the eve 
as 4 inches to some distance farther off, the same proceeding may be 
followed as in the Ijast exapipl0 given. 

Supposing it be desired, to reqaove it to a distance of 12 inches. 
Then ( - i + iV) = ~ i* ^^^ 4 concave lens of 6 in. focus would 
enable the ^ myopic eye to see objects distinctly at a distance of 
12 inches. Or by the metfif^ system,, the A£. being -> 10 D, and 
the distant point of distinct vision of the eye 4 inches, — 10 D 
would correct the eye for distant vision, and. ( — 10 D + 3'25 D). 
or — 675 D would remove the distant point of distinct vision a 
smaU fraction beyond a distance of 12 inches from the eye. 

Tests in Xilitary Practice foe Hi^h Degrees of Xyopia. — 
Before concluding the remarks on myopia it may be well to refer to 
the plan of estfikblishing the presence oi high degrees of myopia by 
means of concave lenses. It has already be^ mentioned that 
formerly tjbie army optical and ophthalmoscopic case included 
spectacle fitted with — Q" lenses. They were originally introduced 
into this case for the ready detection of degrees of M. = -^ and 
upwardsL They 1^ been used in the Austrian Army at the 
suggestion of Stellwag von Carion for determining, on high degrees 
of myopia being urg^ by conscripts as a plea for exemption from 
military service, whether sij|ch high deg^rees did really exist, or other'*' 
wise ; the degree of 51. b^ing deduced from the near point at which 
sn^l print could be read when the - 6' lenses were worn. The 
rule laid down was that if a man, when wearing - 6" spectacles 
could read small print (N:o. 2 Jager) within 6" distance from the 
eye, he was obyiously so myopic as to be unfit for military service, 
for he would be myopic -^ or upwards 

A myopic eye, of ■^" (about + 3*50 D) is converted into the 
condition of a hypermetropic eye of A^" ( - 3*50 D) by - 6" ( - 7 D) 
lenses being placed before it At the age of the recruit, 18 to. 25, 
the power of accommodation is about =: ^ or 10 D. On exerting 
this fully then a near poinjb just within 6" may be obtained under 
the condition above namedi Eyes with higher degrees of M. than 
■^ will be able to obtain still nearer points when the — 6" lens is 
. before them. Theoretiif^y, therefore, the test of reading within 
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6" with a diaperaing lens ot - J" power dhould prove the existence 
of M. ~ -jij or above, and would exclude M. let« than -j^. But, 
practicSilly, it has been found that myopes with M. no higher than 
A, or even ^, about 2760 or 2'60 D, by practife cwi read within 
ff with the - 6" lens, and their emplbjment for deciding the 
presence of such higli degrees ■ " ■ ... 

found reliable, was abandoned. 

The present nde in the Austrian Military Medical Service, aa 
regards the disqiialification of M. for engagement in the army, ii 
the following. A myopic recruit, with a far point of 12 inches or less, 
if he is able ti) read printed letters, or to recognise other charactere, 
(rf ^rd of a Vienna line in height and corresponding breadth at 
tmj distance from the eye with concave 4-inch spectacles, is to be 
rsjacted as totally unfit for military service without any fuHhtfr 
examination. The - 4'' epectaclea are to he close to the eye, care is 
to be token that the recruit really looks through them, not undeV 
them, and a ^ood light is to fall upon the print. 

The conditions described afford a proof that the degree of M. of 
the person under observation is not leia than ^^, though it may be 
higher. Supposing the M. == ^", there would be Ac. at' the age of 
'the consoript about j", so that the excess of refraction above Emme- 
tropia, and the dynamic refraction of Ac., together would be equal 
to + J". He could obtain a near point for reading at 3 inches 
didbujce from the eye without the glass. If then a — J" lens be 
applied to the eye, the Ac. will be neutralised, and thers irtll remain 
xA"' <"■ M. = tV Suppose the far point distance of distinct 
rision without a claas appeared to be B inches from the eye, or, in 
other words, the M. was alleged to be ji. The mode of proceeding 
if practised would eijual^ amird a decided proof of its truth, if the 
ift*t«ment were correct Tor a M. = J with Ac. = J, would together 
'amount to j\, and iV — ^ would leave an exeesa of refraction. Or 
',M. = J. The concave 4-)n. lens neuti^iaes the Ac, and leaves the 
myopic excess of refraction to act alone. If the eye had been a:i 
emmetropic eye, and had assumed a distant point of 12 inches, 
eiflploying for the purpose a portion of its normal Ac, it coilld no 
longer read at the distance named with a — 4" lens ; the eye being 
emmetropic, and its full aroonnt of Ac neutralised by the' lens, it 
^unld oiuy be capable of adjusting parallel' rays and seeing distant 
6biecta of suitable dimensions. 

It is Btat«d in the Austrian Military Instructions for the sul^cal 
examination of conscripts (1883) that "Many years' experience and 
very numerous trials have proved that a myope can ojljy Satisfy this 
test, if his myopia is above jL", which is laid down as the limit of 
fitness for military service." 

Influence of Uyopia on snutary &erTiCs.^For an ftccilunt of the 
practical effects of different degrees of M; in respect to the require- 
ments of military service, see Cliapter Till. The regulations nnder 
whifih the faulty vision resatting from myopia is directed' to cause 
tlie rejection ttt IDen 'seeking CnliMment aa recruits are also given in 
'^^atoie ehaptfer. 
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Htperxstropia. 



Definition. — Overmeasure as regards the distance of the principal 
focus of the dioptric media of the eye in relation to the measure of 
the optic axis.— /The refractive power of the eye, when in a state of 
repose as regards accommodation, is less than that which is neces- 
aaxy for forming clear images of objects upon its retina. Parallel 
rays from distant objects are not brought to a focus by the time 
they reach the retina, but would unite in a focus, if they were not 
stopped in their course, at a point beyond the retina ; or, in other 
woros, the retina is in advance of the principal focus of the eye. 
Only convei^ent rays can be f ocussed on the proper sentient layer of 
the retina. 

Optical Oonditions. — In H. the antero-posterior diameter of the 
eye is, as a rule, disproportionably short with reference to its refrac- 
tive power. Similar optical effects would result from the refracting 
qualities of the dioptric media being too low in relation to the 
length of the same diameter, or both causes might be combined. 

Oaiises. — H. is often congenital It is not unfrequently due to 
hereditary conformation of the eye, and, like myopia, is often found 
to exist in several members of the same family. In cases where the 
hyj)enuetropic state is found to be very marked, the eye appears as 
if it had been stunted in gro^i;h : it is usually diminutive in form 
and short in all its dimensions. 

Similar optical effects to those which characterise H. may be 
induced by any circumstances that lead to flattening of the globe of 
the eye, or of one or more of its component structures ; as removal 
of the crystalline lens by displacement or by operation ; or flattening 
of the cornea, for example. It sometimes shows itself as age 
advances, becoming noticeable after the patient has arrived at fml 
manliood, without any apparent cause beyond changes due to 
incre;ised years. It is then associated with presbyopia. Tliis form 
of H. has oeen designated by Donders acquwed !!&., to distinguish it 
from original H., due to early ocular conformation. (See remarks 
imder Emmetropia, p. 36.) 

Farthest Point of Vision. — This is sometimes spoken of as 
negative, because the hypermetropic eye has no objective distant 
point of distinct vision. Only convergent rays can be brought to a 
focus on the retina, and such rays do not proceed from any natural 
objects — they can only be produced artificially, as by a converging 
lens. The He. eye has only a virtual distant point, and tliis is the 
distance of the focal point to which parallel rays would be produced 
after traversing the dioptric media if they could pass beyond the 
retina. In order that parallel rays may be focussed on the retina 
itself of the He. eye, they must lie first altered in direction ; they 
must have such a convergence given to them before entering the 
e^e as would cause them, supposing them to be unaltered in erec- 
tion by the action of any refracting media, to meet at the distance 
of the focus above named. The convex lens that would give this 
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amount of convergencj t« the parallel Ts,ya proceeding from nbjectg 
at infinite distance, makes up for, and will serve to represent, the 
defident converKiDK power in the eye itself, or, in other words, the 
amount or dei/ree of hypermelropia. Hence the remote point of JIb- 
tinct vision of the hypermetropic eye has sometimes been described 
a» being at u distance }i9gond infinity equal to the value of the 
negative lens repreaenting the deficient convergent power which the 
addition of the positive lens supplies. This of coun"" ia a mot^ 
opticAl expression which is emjjoyed as a matter of c 
mgnif J the different remote pomts in different degrees oi u.. 
Thus, if a + 2D lens suppUes tlie neuessary amoimt of converging 
tbatw" '■ ■■■ ■ • 



direction to parallel rays toat will enable them, in addition 
■ * '' ' '' -. .r . 1 1 ' ' ■« a focus 



ey« may be stated to be — 2D beyond infinity. 

Heareat Point of Vision. —This vaxies in position according to the 
d^ree of H., but is always farther olf. from the eye than it is in 
emmetropic persons at corresponding ages of life. 

Symptoms — -When a person affectsd with well pronounced H. 
looks intently for a. short time at small objects, as in reading iuid 
writing, tlie letters become blurred and seem, to run into each other. 
The vision of distant objects is more iiioited in range than norms', 
tlunigh the patient himself often fancies he can see well at a dif-- 
tonce. Th* hypermetropic eye, althoiigli one eye only is used in 
"■""i; at range practice, cannot adjust itself for distant objects, as 
in trying to hit tae bull's-eye of the target at long-range rille prnc- 
tke, without an amount of accommodatory or muscular strain pro 
pottiouate to the degree of H., and atill less for near objects, as tlie 
"back and fine eights " of the rifle. As part of the natural amount 
of accommodation possessed by the hypermetrope has to b" " 



ployed for getting a less indistinct view of the distinct object, a leFS 
amount remains For use in the eJTort to rapidly ailapt vision to the 
distance at which the iie£U«r objects are placed. When both eyea 
are employed in looking at near objects, especially such as call for 
dose attention, a sense of ocular weakness results, and fatigue and 
aching are quickly produced ; the patient siiflera from symptoms of 
att&enopia (see AslLenopia, p. 123). The symptoms above named 
aw the more marked in proportion as the degree of H. is greater, 
and especially if the general nealth is deranged and the subject is 
debilitated iu consequence of it. 

ABBoclation of H. wUli StrablainuB E. is not unfrequently 

aasociated with convergent strabismus, and this circumstance seems 
to arise in the following way. The hypermetropic eye being ad- 
jdBtod for convergent rays, and no such rays existing naturally, the 
aocommodatory apparatus is subjected to a constant exertion, in 
order to obtain more convexity of the anterior autface of the lene, 
and thus to make up for the hypermetropic deficiency, and to lessen 
the diffusion and indistinctness of the retinal images of external 
objects. This exertion is increased in proportion as the luminous 
jnyt •)"■ rendered more divergent by objects being brought close to 
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the face, as occurs in reading, and the strain is grMlterwheirlhe 
work at near objects is prolonged and frequently repeated. Henee 
its frequent appearance m hypermetropic children at the ages irhen 
tliey begin to learn to read and write. The patient, generally a 
child of early age, unconsciously tries to relieye the excess of thifl 
constant strain on the ciliary muscle by contracting the internal 
recti muscles to obtain the increased accommodation for near 
objects associated tnth convei^nce of the optic axes. The nonnal 
balance of action between the mtemal and external straight musdeB 
disappears, and a state of constant conyei^nce results, even when 
the eyes are at rest Parallelism of the visual lines ceases to be 
obtainable. As the point for which such a patient is able to aooom- 
modate his vision does not agree with the mtersection point of the 
visua] lines under this convei^nce, but is situated further off, the 
images of an object in front of the face will not fall upon corre- 
sponding points of the two retinae, and the inconvenience of double 
vision would result. Under these difficulties the young hyper- 
metroi)6 prefers a comparatively clear and easily obtained monocular 
image rather than contused binocular vision attended with so much 
effort. One eye is, therefore, caused to converge more than the 
other, and in this way one of the images,' falling upon a less sensi- 
tive part of the retina in the deviating eye, is ignored mentally, or, 
in other words, ceases to exist so far as the sensorial part of the act 
of seeing is concerned. For a time monocular vision is carried on 
equally by each eye in turn according as the position of an object 
may dictate, but at last vision devolves principally on one eye while 
the other is almost constantly turned inwards. This change t»k6S 
i)lace more readily when one eye is naturally weaker than the other 
in respect to retinal power, or has a higher degree of H. than the 
other eye. These aonormal relations of the internal recti muades 
at last become constant, and convergent strabismus is establiidied. 
When strabismus has thus been acquired, its tendency to beaxne 
permanent is increased by the fact that the deviating eye ^radualhr 
oecomes retinally still weaker, and loses sensibility &)m disuse. It 
is for the purpose of neutralising the ill effects of continued strain 
upon the accommodatory apparatus in the efforts to obtain accurate 
vision of near obieots, that convex glasses are recommended to be 
constantly worn tor the treatment of H. ; and it is by these glasses 
neutralising the H. that the strabismus so often induced by it may 
be prevented when it is properly treated on bein^ first noticed. 

tfanifest and Latent Hypermetropla. — ^As the Hypermetrc^ic 
eye is not able even to bring rays from distant objects to a focus on 
the retina by its unaided refractive power, it supplements it by 
using some of its accommodatory power in order to obtain clear 
reti^ images of the objects looked at. Still more powerfully does 
it exert its accommodation in order to see near objects clearly. 
This habitual association of the act of accommodation with the act 
of vision at all distances leads to the loss of voluntary power of 
separating one from the other. In earl^ life when all the structures 
of the eye are very tractable, and there is pienty of Ac. to be spuvd, 
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the whole of the fi. may be concealed by the Ac. supplied, but b> 
years advance, und there ia less Ac available, and a. coutinuAl 
stnij^le tu UM as much as possible of this Ac. in ai»oeiation with 
coBvei^nce (or obtaiuing (iistinct vision at a. nesj'or diatance, the 
H. becomes derived of a portion of the help it had previously 
derived from the Ac., and the H. beconiea more a,nd more manifest. 
At lost, late in life, there is. no Ac. to be leiit to it, and then the 
total Binuunt of E. ia rendered manifest. But uuUl this period 
arnTea the full amount of H. is not ahown unless all power of ac- 
commodation is artifioiaJly removed. This can be done lij pro- 
ducing complete ciliary paralysis through the agency of atropia. 
TiiA power of accommodation being thus removed, that portion of 
tbA.deficieiicy of refractive power which was aupplatited, and bo 
concealed, by its agency is rendered manifeat. Hypermetropia, 
therefore, of ordimuy degrees usually consists of a certain ajnuunt 
o£ deficiency of refractive power -wfiich ia apparent while accom- 
modation is exerted ; and of another amount which, naturally con- 
cwled by accommodation, becomes apparent only when accommoda- 
tiou ia artificially prevented or has disappeared from age. The 
fonner deficiency is known as TTm , ■mamfett hypermetropia ; the 
latter, as HL, latent hyperaielTopia, Obviously H., or the total 
amount of refractive deficiency, ia composed of Um. -)- HI. If the, 
degree of H. be moderate, or the bypeniietrope be very young, it 
may be entirely latent, that ia, only apparent after piiniiyaiB of ac-. 
Gommodatioii. H. may therefore sometimes exist without attracting, 
attention- Usually, however, though alight in degree, and not notice? 
abfeat first, it becomes so increased Ly fatigue, especially aa age ad-, 
ranees, from continued occupation at near objects, or by muscular, 
wvakneaa when the general heaJth is impaired, that the sy m^itoms of H. . 
become apparent, and the diagnoais of it ia rendered sufficiently eaaj,, 

Bubdivislous of Hypermetropia — A further division of H. bos 
been made by Professor Uondere into (1) uhtiUtUe H., in which the. 
rays from distant objects are not able to be foouased on the retina. 
but llieir focua still lies behind it, even with the aid of full power at, 
aticonunodation and the atrongeat convergence of the optic axea ; re- 
latiue E., in which thn raya &om distant objects can be brought ia 
a. focus on the retina by the exercise of accommodation and con- 
rei^ence of the optic axes combined ; (3) faculaCine H., in which 
the raya from distant objecta con be brought to a fuuua <m the retipa 
with parallel optic axes, either witli or without convex giaaaes. 

SlagnoalB ot E. may be effected aubjectively by the following 
modaa of obaervation : namely, (1) by external sigiis, (2) by test- 
types, f3) by spectacles, (4) by correction, and (5) objectively by tja^e 
(^thaJmoscope. 

1, Sy External Sigjii. — The eye frequently has a genera! flat 
appearance and often seems smaller than normal, as if it had be»i 
Btunt«d in ite growth, so that, in consequence, the apace beneath 
Uid between the eyelids is not filled out, as it is in a fully grown ey?. 
Sometioies the iris may be observed to reach nearer to the cornea th^if, 
iLowing towant of depth in tlie anterior chamber of the i^ye, while 
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the pnpil is inactive and relatively snudL An abnormal hollownem 
of the space between the eyeball and outer canthns may also be 
generally noticed on drawing the orbicular coverings aside. The ap- 
pearances just described are, however, occasionally absent, or only 
very slightly indicated in eyes affected with hypermetropic vision. 

2. Bi/ Typen. — If the hypermetropia be strongly marked in de- 
gree, Snellen's types cannot be read by the subject of it clearly at 
their re^ilar distances without the aid of lenses ; but if moderate, 
he may be able to read the larger and more distant type for a time, 
but with more or less difficulty. The eye soon becomes fatigued 
and the letters indistinct. In trying to read, a tendency for the 
optic axes to converge may sometimes be noticed, and the patient 
will often be observed to squeeze the eyelids together for the pur- 
pose of contracting the interpalpebral fissure. The association of the 
mtemal recti muscles, with the aid drawn from the use of accommoda- 
tion, explains the occasional converging aspect of the eyes in the 
efforts at reading. The reason why uie Wger and more distant types 
are perceived with less difficulty than the smaller and nearer type, is 
chiefly due to the fact that the accommodatory strain is increased in 
proportion to the proximity of objects, from the rays that enter the 
eye from near objects being more divergent in proportion to their 
nearness ; these troubles are greater in proportion as age is greater. 

When types of smaller sizes are used, the hypermetropic person, 
if he be of tne ordinary age of a recruit or soldier, will be generally 
observed to carry them nearer to his eye than the regulated dis- 
tances in trying to read them. He will be able to distinguish them 
better when close to his eye than at a distance away from it. The 
patient does so because, with the great convergence of the optic 
axes when the object is close, he is better able to apply his accom- 
modatory i)ower to counteracting the difficulties of reading, which 
are due to his hyj)ermetropic condition of vision ; and, in addition, 
because the retinal images of the letters are increased in size, and 
therefore more readily perceptible, while the circles of dispersion 
are not enlarged in anything like a corresponding proportion, 
owing to the pupillary aperture becoming smaller on the near 
approach of the letters to the eyes. 

From this circumstance, in diagnosing by t3rpes, H., when exces- 
sive, may be mistcaken for M. combined with amblyopia. Distant 
objects are seen indistinctly — type of moderate size has to be held 
close to the eye to be read — ancl very small tyjie cannot be read at 
all, as hapi>ens in M. complicated with amblyopia. The diagnosis 
may be established, by the fact that in H. distant objects are seen 
more distinctly, ancl the moderately sized tyj)es can be read further 
off, with the ai<l of convex glasses, while tne same glasses would 
produce exiictly oj)po8ite results in M. But even without + lenses 
the diagnosis may be established, for it may l>e observed that in H. 
the larger typ<*8 of Snellen may be read quite as well, if not better, 
:is regards relative distance, than the smaller types, which would 
not be the case with M. 

3. By tJie JS'pectades, — Weak concave glasses make vision worse ; 
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weak convex glasses, when accommodation is not eserted, improve 
vision. If the power of the conves glass accord with the degree 
of H., ajiii steps are token to prevent any Ac. from heing ei- 
erted, all else being normal, Siiellun's 20' types <M,n be read at 20' 
distance. 

When the convex 10" lenses are worn, the hypermetropic eye W 
able to reaii type of moderate size at a distance beyond 10" from 
the eye without thB nae of atropine. The distance nt which the 
typo can be read will be increased when the power of aucommoda- 
tooD has been previously taken away by paralysing the ciliary 
muscle with atropine. 

4. Jly Ike Ophthalmotcope. (See page 71.) 

fl. By Correction. — When the true degree of H. is ascertained, if 
no complication exist, the proper convex lens for that degree will 
eompletily correct the abnormal condition. It supplies the refjac- 
tive power, which is missing in the eye itself, and produces the 
same effect as if no such deficiency existed. 

SxpTMBion of the DegreB of B. — The degree of H. may be either 
expressed by the power of the convex lens which acts upon parallel 
rajB, so as to give them the amount of convergence, which would 
c&ose them to meet at a similar distance to Uiat at the virtual 
remote point of the hypermetropic eye, for raya having such a con- 
vergent direction ou entering the eye would be caused to meet upon 
tlie retina ; or it may be expressed by the power of the concave 
IttiK, which represents the amount of deficiency in refracting power 
of QiA eye relatively to emmetr^ia. The- latter mode is the most 
convenient and simple. The E^ will then be expressed by the 
amount of the defect, and not by that of Uie lens which corrects it. 
H. ^ 2 D or ^ then signifies that the deficiency of refracting 
power in the eye is equivalent to and represented by a — 2 U or 
— Jij" lens, and that this deficiency will be neutralised or corrected 
by a + 2 D or + ^" lens. 

To Determine H. or the DegreB of HTpermetropia ; or, in other 
words, to ascertain the total deficiency of refracting power as com- 
pared with emmetropia, by means of the + 10" or 4 D spectacles. 

Having thoroughly paralysed the power of accommodation by the 
use of a. strong solution of atropia, and noted the distant point of 
dietmct vLsion of each hypermetropic eye, examined tfingly, with 
the + 10" lens before it, deduct from the power of this lens the 
inverted value of the distant point, and the difference will give the 
degree of H. in the eye examined. 

Bxampla — Suppose the distance point is found to be 15", then 

Bxplanatlou. — Let x = the refracting power of the eye under 
examination ; let a = the refracting power of an emmetropic eye ; 
^ — the power of the lens to which the eye has been subjected : 
and ^ ^ tlie power of the lens which would give the aacertained 
distant point of 16" if the eye were emmetropic The deficiency of 
the reti'acting power in the example given la therefore equivalent 
tn the difference between a A and a -^ letiB. This deficiency chu 

(0,».) » i 
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onl^ be in the eye itself, and its refracting power most olmoasly 
be increased to a corresponding degree to bring it to a par with an 
emmetropic eye. 

Therefore x -h {^ — ^ = a; or^-|-^ = a; or:p=:a — ^. 
H., the total deficiency of refracting power, is = ^. 

If the distant point of distinct vision with the -|- I^' \eoA be 
infinite, then H. = ^ — i, or = ^. 

If H. be suspectea to be in excess of this amount, a stronger lens 
than a + 10" lens will be necessary to ascertain its degree by this 
method. The + 2" lens employed with the ophthiumoscope is 
generally available to army medical officers for the purpose. If 
H. = ^ the distance point of distinct vision with the -|- 2" lens will 
be at 3" for H. = ^ — J = ^. This will probably be the highest 
degree of H. to be met with, unless the lens be absent either from 
accident or operation (aphaJtia). But it is absolutely necessary 
that only one eye be examined at a time, and that it should be 
atropinised, for the spasm of the ciliary muscle associated with the 
convergence required for so short a range would otherwise prevent 
a proper diagnosis being arrived at. 

If it be omy required to determine Hm., or the degree of mani- 
fest hypermetropia, in all moderate cases the same modvs operandi 
as above described may be followed, and the previous use of atropia 
may be dispensed with. But each eye should still be examined sin^y. 

To find the Correotingr Lens. — The total deficiency of refractive 
power having been determined, it may be corrected by a lens 
supplying the amount of converging power which is deficient^ 
providing no accommodatory power is exerted at the same time. In 
the first example given, a -|- ^ or a 30" convex lens will be the 
correcting lens, because it will supply the refractive power which 
has been proved to be absent. 

The absence of this amount of refractive power was shown in the 
experiment already above explained. The action of the lens wiD 
be such that when the patient looks at distant objects, the parallel 
rays proceeding from them, in passing through the lens, will be 
caused to assume a converging direction before they fall on the eye ; 
and the angle of convergence given to the rays by the action of the 
correcting lens will exactly correspond with tJiat degree of con- 
vergence which is wanting owing to the hypermetropic formation ol 
the eye itself. The par^lel rays from distant objects will thus 
become focussed on the retina, and clear vision obtained without 
exercise of accommodation. 

This is the general principle on which correction of H. is eflTected ; 
but in practice several modifying circumstances have to be specially 
considered. The hypermetrope, when he is not under the full 
influence of atropia, cannot fully give up the Ac. which he has been 
accustomed to use constantly as a substitute for the deficient 
refractive quality of his eyes. Even when convex glasses are placed 
before his eyes they retain part of the Ac. to which they have been 
accustomed. If, therefore, convex glasses equivalent to a full 
extent of the H. be furnished, the eyes will be in the condition of 
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mjopiu eyes, with an exteaa of refracting power for mja from distant 
objeuta. The recoiDmeuda,tion of ProfesHor Uotidera for the uorrec- 
tion of K. was that glai«e« should at first be supplied equivaJent hi 
power to the total mauifeat H., together with une-(ourth of the 
laleiit H. Aft«r u certaiii interval, if the glaaaee be conBtontly 
entplojed, the efiorte of Ac will become parti&lly relaxed, but ifi 
time the use of the remaining Ac. will a^iu uauxe Bjmptoms of 
asthenopia. The glasaes at firat given.can l^en be strengthened to 
the amount of another instalment aJWoiiliug to ciroumstaiices of the 
3L, and should the symptoma return after a further period of time 
has elapsed, the glanxea may iheu be slrsngthened to the full amount 
rf the H. The final adiuBtment, if it be aatisfaotJarily borne, will 
place the subject of the H. in the same condition bb an emmetropric 
person of corresponding age. Tlie full amount of accommodatorj 
power poBseused by him will be rendered available for its normal 
purposes. 

Inflnence of H. on Military Servloe. — The conditions under 
which H. disqualifies for military service in the British Army are 
expluiued in the chapter in which the authorised modes of con- 
ducting the visual examination of recniitsand soldierxare explained. 
On all occasions in winch spectaclea are allowed to be worn by 
■oldiers, as iu range practice, and at the School of Musketry, the use 
of correcting lenses by hypermetropes, even though the H. may be 
Ywy tow in degree, is of great advantage. It takes off the strain of 
ita Ac., which is always present when a hypermetropic eye is trying 
to see distant objects clearly without such assistance, while it sets 
bve the Ac for use at near objects, so that at target practice both 
far and near objects, such as the objects painted on the target, 
together with the fore and back sights of the rifle, are all seen more 
phunly and with less visual exertion and ^tigue. The indistinctness 
d vision that H. entails, the ocular troubles that accompany it, and 
the constant increase of visual difiiculty with increasing years, 
readers men with hypermetropic vision particularly incompetent 
for judging distance or for service as rifiemen, especially in an army 
in whidi correcting glasses are not permitted to be worn. 

ASTIOMATISM. 

Definition.— A term signifying that the rays proceeding from a 
single point are not, after refraction, reunited in a single point. 
Applied to vision, it signifies a state in which there is inaccuracy of 
view from malformation and blurring of retinal images owing to the 
fact that although some of the rays proceeding from an object may 
be brought to a focus on the retina, other rays proceeding from 
it are not at the same time similarly focufned upon its retina. 

Optloal Oondittona. — The refractive quality of the astigmatic eye 
IB not alike in all it£ meridians, and, consequently, has no single 
focus. The eye may be emmetropic in one meridian, while in 
another it is myopic or hypermetropic ; it may be myopic or hyper- 
aJi its meridians, but the degrees of myopia or hyper- 
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inetropia may be relatively different in them ; and, lastly, it may be 
myopic in one meridian, while it is hypermetropic in the otlier. 
Occasionally the refractive quality will vary in one and the same 
meridian of the eye to such an extent as to interfere with deamesB 
of view. The term regular astigmatism is applied to that kind 
of Ast which depends upon dissimilar curvatures of different 
meridians of the eye ; irregular astigmatism to that which depends 
on unequal curvature in one and the same meridian, or to excessive 
spherical aberration of rays. 

Causes. — Congenital asymmetry of the anterior segment of the 
ocular globe, or of the cornea, of such a kind as to cause a greater 
curvature of one meridian 'Compared with that of the intersecting 
meridian. The absence of perfect sphericity is sometimes recognisable 
on observing the cornea by lateral illumination. An abnormal posi- 
tion or unequal curvature or other structural peculiarity of the 
oryHtalline lens has been said also to be a cause of astigmatic vision. 

In nearly every eye a slight difference exists between the 
refractive power of the vertical and horizontal meridians, the 
vertical meridian having usually a greater curvature, and, thei>efore, 
a shorter focal distance than the horizontal, but the difference between 
them is not usually suflicient to interfere with correct vision ; an 
exaggeration of this difference, however, gives rise to the inacenzate 
vision and disturbing symptoms characteristic of astigmatism. 

Symptoms. — Acnteness of vision is lessened both for distant and 
near objects. If of congenital origin, it will have been continuons 
and without much alteration in degree. The shapes of objects are 
altered in appearance, and some parts are seen more distinctly than 
others. If the image of an object be sharp and defined in onfl 
direction, it will be rendered indistinct by diffusion of rays in a 
contrary direction ; or if the image be indistinct from diffusion in 
both directions, it will be still further confused by the blurring 
being more widely diffused in one than in the other direction. In 
reading, the letters appear badly printed. Objects presenting 
linear mtersecting markmgs, such as patterns with crossed stripes, 
are comparatively strongly defined and darker in colour in one 
direction, while in the other they appear faintly marked ; or the 
whole pattern may become more or less obscure from the diffused 
mys from one direction of lines spreading over the lines of the 
pattern in the opposite direction. The astigmatic subject manifestly 
cannot by any accommodatoiy efforts bring the rays which are 
differently acted upon in passmg through the various meridians of 
the eye to a focus on the retina at one and the same time, and he 
therefore exercises his accommodation to obtain greater clearness of 
view, first in one meridian and then in the other, often in rapid succes- 
sion, so that asthenopia is induced, and adds to the visual trouble of 
the patient. The greater the difference of refraction in different planes 
of the eye, in other words, the higher the degree of astigmatism, the 
more strongly marked will be the symptoms above mentioned. The 
more open the pupil of the eye, the more obvious to the patient are 
ihe ef^cts produced by his astigmatism. Astigmatism is often 



Hdaociated with high degrees of abnormal refrac-tioD, both mjopiu 
and hypermetropin, but the aiuetropic condition with which perhaps 
it is moat frequently associated is hjpernietropia. 

Setlnal ImaKsa of Astlsnwtlo Vialon. — lii consequence of the 
OLya passing through the meridian of greatest curvature being 
brought to » focus enrher tlian the rays passing through the 
iippoflita meridiao, diffusion of the rays Gomposing the image of 
an object is an iiieritable result. The mys passing through the 
meridiftn of greatest uurvature will througtiout their path towards 
thair focus be more convergent than those through the meridian of 
least curvuture, and a section of all these rays on a screen, placed 
perpandicularly to the optic axis, would have an elliptical outline 
iritn the shortest axis of the ellipse farmed in the direction of the 
most convergeut rays. When the more converging rays have been 
brought to a focus, the rays through the meriuiau of least refrac- 
tion will still be in progress, and at this distance a Unear image will 
result with its length in the direction of the rays of least con- 
vergence which have not yet been brought (o their focus. After 
the more convergent rays have been brought to a focus, they will 
iiroaa and pass onwards diven;ently, while the less conven^ut rays 
will be approaching their focus. Here the image will also be 
•Optical, but the short uzis of the ellipse will be in the direction d 
the rays of least convergence. On these rays arriving at their focus, 
a linear image will result, with its length iu the ilirection of the 
dnwgeut rays which liad crossed from the first focua. At a certain 
point the distances at which the boundaries of the crossed divergent 
oyK, and those of the converging rays still advancing towards their 
fbcna, are separated from each otSer will be alike, and at thifl point, 
Slid this alone, the image on a screen, such as the retina, would be a 
circular image. 

Amonot of AstiKinatism. — Tills is dttenained by the difference 
in refracting power of the two meridians of the eye in which the 
inequality of refraction is uost marked. Whenever astigmatism 
exi^e, there must be one meridian in which the refracting force is 
greatest, and anotlier in which it ie ]ea:8t. These two meridians 
crOBS at right angles to one another or nearly so. They are the 
prim^xtl neridiam of the astigmatic eye ; the intervening meridians 
vBiying in refractive power according as thej; approach one or other 
of vaa two principal meridians. The expression .of the difference in 
refractiuff power of the two principal meridians, or the power of the 
lens which would remove this difference by making .the two equal, 
therefore, at the same time expresses the amount of astigmatism in 
any particular eye. 

Bays of light traversing the principal ocular meridian of relatively 
{greatest curvature, and, therefore, relatively greatest refractive 
power, will be brought to a focus at ei>me pomt anterior to the 
focus of the rays which have traversed the principal meridian 

Erpendicular to it, or the one which has tlie least refracting power. 
le space between the foci of the two prindital meridians is knowik 
'' J Fooal Ijiterval, The greater the ditlerQace in refractive 
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power of the two principal meridianfl, the longer wiU be ihefoccH 
interval ; the less the difference in refractive power between these 
meridians, the less will b^ the extent of the focal interval. The 
measure of the focal interval, or of the lens which will bring the 
two foci into exact coincidence affords another meiuis of expreasing 
the amount of astigmatism. 

Estimate of Amount of Aatlgmatlsni. — The measure of the 
amount of astigmatism, or of the difference between the refractive 
powers of two opposite meridians of an astigmatic eje, must be 
calculated differently in different kinds of astigmatisuL If (1) the 
eye be ametropic in one meridian only, the opposite being emme- 
tropic, the amount of ametropia in the one meridian will expresB 
the amount of astigmatism ; if (2) the eye be ametropic in two 
opposite meridians, and the ametropia is like in kind, that is, if 
both meridians are myopic or both h^b'permetropic, but differing 
in degree in each, the diwerence between the ametropia of the two 
meriaians will express tRe amount of astigmatism ; if, lastly (3), the 
eye be ametropic in the two principal meridians but the ame^pia 
is unlike in kind, that is, if one meridian be myopic and the other 
hypermetropic, the sum of the two degrees of ametropia must be 
taken to express the amount of astigmatism or difference m refractive 
powers of the two meridians. 

Three kinds of Astigmatiiim.— The three kinds of astigmatiflm 
referred to in the preceding paragraph are named : (1) Simple 
Astigmatism ; (2) Compound Astigmatism ; and (3) Mixed Astig- 
matism. In form No. 1 one principal meridian of the eye u 
emmetropic, while in another and opposite meridian there is either 
an excess or deficiency of refractive power ; in No. 2, in both prin- 
cipal meridians, either an excess or a deficiency exists, bat in 
different amounts ; in No. 3 there is excess in one principal 
meridian, while in the opposite one there is deficiency of refractive 
power as compared with an emmetropic eye. 

Diagnosis of Begnlar Aatigmatism. — 1. By Lenses. — Though the 
eye may be hypermetropic, or myopic, neither + nor - centric lenses 
of any power will correct the existing defective condition or 
materially remedy the absence of acute vision. 

2. Bi/ Lines. — When the 20' vertical and horizontal lines of Snellen, 
and the rows of separate square dots are placed in front of the eye, 
they are not seen with equal definition. When the vertical lines 
appear dark and defined, the horizontal lines will not be seen with 
equal clearness, and vice versd when the horizontal lines are seen 
comparatively clearly, the vertical lines will appear hazy. If 
attentively observed, the indistinct dark lines appear lighter in 
colour than they are printed, while the white spaces between them 
appear to be darkened, the ^neral effect being to produce a grey- 
ness of colour, as if the black and white lines were mixed together, 
or as if part of the black were spread over the white, and part of 
the white spread over the black objects. If the horizontal lines 
be indistinct at the same time that the upper and lower nuuvins 
adjoining the white interspaces are imdefined, the left and ngfat 
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extremities of the lines will be siiarp and distinct. On the conlrary, 
the lines placed vertically which are aeeii separate and defined, 
appear very Mack in uoiour, without any blending with the white 
imtenpaceH, but the upper and lower ends of the luiea appear to be 
a little elongated, or present the appearance of a shadow extending 
beyond each of them. 

The lines which are most blurred, and so seen moat indistinctly, 
are those which are in a contrari/ diretiCiim to tliat of the most 
ametropic meridian of the eye of the observer. Lines on the other 
hand, in a, direction corresponding with that of the most ametropie 
meridian, are seen distinctly it one meridian be emmetropic, or 
with relatively greater distinctness if both meridians be ametropic. 
Thus supposing an eye to be myopic in one meridian but emme- 
tr()pio in the meridian perpendicular to this myopic meridian, Uie 
linear markinra of any objects looked at by it will appear hazy and 
obacure, though defined at their ends in the direction of the emme- 
tropic meridian ; distinct, normal in intensity of colour, but elon- 
^tod at their ends in the direction of the myopic meridian. Or 
SBppostng the whole eye to be myopic, but in different degrees In 
tta principal meridians, lines seen in the direction of the leaa myopic 
Jneridinn will appear to be the most indistinct and confused, those 
in the direction of the meridian having the highest degree of myopia 
will appear to he the least so. The same will oe the relative app^- 
alMee of objects seen by astigmatic eyes in which the defective 
TtAvctive quality is hypermetropic in kind. 

n the eye be myopic in one meridian but hypermetropic in the 
tmnsite one, lines parallel with the meridian in which the defect of 
'refraction is greatest will be seen with moat diatinctness, while lines 
puallel with the meridian in which the defect is least will visually 
vppear the most obscure. Thus the preponderating defect ae regards 
form of the astigmalic eye, and the preponderating defect as r^ards 
TIBual effect, are always in opposite directtous to each other. It 
follows, in practice, that the fact of lines being seen in a certain 
direction more oba*!urely than in the direction perpendicular to it 
at once shows the direction in which the astigmatic eye under 
observation is least ametropic ; and, vice vern), the direction of the 
Unea seen most clearly indicates the direction in which the form of 
l3ie ey* in respect to its refraction is moat defective. 

The explwiation of the visual effects just described is aimple. 
Thus, taking the case in which an eye is myopic in one meri»lian 
and emmetropic in the opposite one, the eye being accommodated 
for the distance at wliich the vertical and horizontjJ lines of Snellen 
are placed, the rays of light emanating from every point in tie lineB 
parallel with the myopic meridian will be brought to a focus in 
front of the retina, and iningea of all these points will be coiifnRed 
by circles of diffusion, while the rays falling in the emmetropic 
meridian will be focussed in the plane of the retina and form clear 
images. Supposing the myopic meridian to be vertical and the 
liorisontal meridian emmetropic, the diffusion will of course be in a 
1 direction. Vertical lines will therefore appear shadowy 
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and elongated at their upper and lower ends, but tinve will be no 
diffuHion at their lateral margins, or in the direction oorreBponding 
with the horizontal meridian of the eye. The diffusion of the ravi 
proceeding from each dark point upwards and downwards, on the 
surface of any vertical line, will be superimposed on the adjoinmg 
dark jmiiits of the surface, and the general olackness of the whole 
line will not be interfered with. The only visual defect as reffardB 
linos in the direction of the defective myopic meridian will, tiiere- 
fore, be the sluulowy prolongation of the vertical ends of the lines ; 
the reniaiuder of tlie dark Imes, and of the white interspaces^ will 
Ite clear and defined. But as regards lines parallel with the emme- 
tropic meridian, or approaching it in parallelism, the diffusion being 
still in the direction of tlie vertical myopic meridian of the eye, the 
upiHir and lower )x>undaries of the horizontal lines, both the black 
and tlie white lines, will become diffused vertically on the retina^ 
while there will be no diffusion as regards the ends of the line& 
The vortical diffusion of their images on the retina will thus cause 
the series of black and white horizontal lines to appear to be mixed 
up together, not only rendering tlieir upper and lower borders unde- 
fined, but causing also a genenii grayness of colour over the whole 
series. The ends of the lines will, however, remahi sharp and distinct^ 
because there is no diffusion of their images in the horizontal direc- 
tion. The same explanation is applicable to the cases in which 
both princiiml meridians are ametropic though in different degrees ; 
the relative visual defects depend equally on the causes just 
explained. 

3. By a Circular Point of Light. — When a small round opening 
is made in a dark screen and light admitted through it, if looked at 
bv an astigmatic eye at a distance of a couple of feet or so, the cone 
of light appears elliptical in form, the direction of the ellipse vaiy- 
ing as the eye approaches or recedes from the opening. Whatever 
may be direction in which at one distance the hole in the screen 
appears to be elongated, at some other distance from the eye the 
hole will apf)ear to be elongated in another and generally in a 
contrary direction. 

The variations in the apparent form of the small opening depend 
on the differences of distance for which the eye is accommodated, 
[f the astigmatic eye is accommodated to the distance at which the 
small opening is placed, so as to bring the rays of light proceeding 
from it to a focus on the retina in one meridian, the opposite 
meridian will be relatively ametropic, and diffusion of the rays 
{lassing through it will result Thus, taking for example an eye 
that is myopic in its vertical meridian and emmetropic in the 
opposite meridian, when the small hole is so placed that the light 
traversing it is brought to a focus on the retina in the emmetropic 
meridian, diffusion of rays will occur in the direction of the myopic 
meridian, and the point of light will appear to be elongated in that 
direction, the opening will be elongated vertically. If, however, 
the distance be such that the rays of light are brought to a focus 
on the retina in the line of the myopic meridian, the opposite 
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emmetro;)ic meridian viU practically be reudered fur the time 
ametropia, deflcient in retractiNre powar, and diffusiou will occur in 
that direction. If tLe itje tit itH horizoiita.! emmetropic tneridian be 
acconmiodated for focuBaiDg on the retiua^ ruys of liglit coming from 
the diatancB joint of the myopio meridian, the myopic meridian 
will lutve ita oistant point shortened, and diffusion will occur in that 
direction. The poiut of li^t will appear to be elongated vertioallj. 

4, £y a Sli-fiopaii^ l/ole.-~W\teii the stenojifeie opening is placed 
in the visual line near the centre of the cornea, and the astigmatic 
eye looks througli it at the vertical and horiziiutal lines of Snellen, 
th«7 appear as sharp and defined, or nearlj so, in all direutioiia, aa 
Ihqr do to an emmetropic eye. 

5. Bi/ a Hienopotic 5(it.— When an astigmatic eye looks through 
aotennpccic stit at an object, the rayx of light proceeding from ^e 
object and passing through the alit will be acted upon by the 
dioptric media of the eye at.'Cording to the kind and degree of 
ametropia of the meridian the slit coincides with. If the caee be 
cms of simple myopic or hypermetropic astigmatism, aud the alit 
be placed in the direction of ^e emmetropic meridian, both vertical 
and horiiioutal lines will appear equally clear, if the slit agree 
with the ametropio meridian, there will be diUuirioa of rays in the 
direction of that meridian, and lines corresponding with the meri- 
diiui perfieudiuular to it will be rendered visually dim and ohacure. 
The^iroper correcting + or — lens, according to the kind of ame- 
tnqiw, will at once remove the confusion. If the slit be applied to 
■aj intervening meridian simihtr effects will occur in a modified 
degree, according to the iJoaition of the meridian. If the case be 
one of com|>oiuid M. or H. astigmadam, and the slit be placed so as 
to dnrespoud with either of the principal ocukr meridians, the 
vieual ell'ect will be the same as if the case were one of simple M, 
or H. astigmatism of amount corresponding to the degree of ame- 
tropia of the particular meridian to which the alit is applied. If it 
be a case of mixed astigmatism, objects will be seen as they would 
appear if they were regarded by an eye with simple M. or K. 

'' matism, according to which meridian tlie fissure is applied. 
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effect produced by the application of the stenopceic slit It ^ould, 
however, be remembered that effects similar to those last described 
would ensue if the stenopceic slit were applied to a myopic or 
hypermetropic eye of the same degree of myopia or hypermetropia, 
but without any astigmatism. t 

Varieties of Bepilar AatlKmatlsm.— All coses of regular astig- 
matism belong to one or other of six varieties of the three forms of 
Ast. before mentioned. They are the following : — 

1. Simple Myopio Aeiiamatittn (Am.).^Une ocular meridian is 
myopic, the contrary meridian emmetropic. Parallel rays passing 
through the former meridian are brought to a focus in front of the 
retina ; through the latter meridian, in the plane of the retina. 

2. Simple Hypermetropic Asligmtilitm (Ah.). — One meridian is 
'Topic, the contrary meridian hypermetropic Farallel raya 
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paning through the former meridian are f ocuned in the pLine ti 
the retina, through the latter meridian, have not attained their 
focus on reaching the retina. 

3. Compound Myopic Astigmatism (M. -f- Aol). — ^Both principal 
meridians are myopic, but in different degrees. One meridian 
presents a maximum of myopia, the meridian at right angles to it a 
minimum. Parallel rays traversing the two principal meridians 
are all brought to a focus in front of the retma, but at dilferent 
distances in front of it. 

4. Compound Hypermetropic Astigmatism (H. + Ah.). — The two 
principal meridians are hypermetropic, but in different degrees. 
One meridian presents a greater deficiency of refractive power than 
the other. Parallel rays traversing each meridian would, if 
practicable, be brought to a focus at a distance beyond the retina, 
out the focal distances beyond the retina would be different. 

5. Mixed Astigmatism ; Myopia Predominant (Amh.). — ^Both 
principal meridians are ametropc, but the anomalies of refraction 
are opposite in kind. Myopia in one meridian is mixed with 
hypermetropia in the contrary meridian, but the myopia pro- 
dominates. 

6. Mixed Astigmatism; Hypermetropia Predominant (Ahm.). — 
This variety is similar to No. 5, with the exception that hyper^ 
metropia, instead of myopia, predominates. 

The amount of astigmatism in each of the foregoing six varieties 
will vary according to the difference between the maximum and the 
minimum of refraction in the two principal meridians. Socfa 
variations are very numerous. Of the three forms of astigmatim 
to which the six varieties belong, i.e., the simple, compound, and 
mixed forms of astigmatism, the compound is most frequently nut 
with in practice. 

Examples of Besrular Aatiffmatiam. — ^The following will serve 
as examples of the six varieties of astigmatism. Their correction 
will be explained afterwards. 

1. (Am.) — Vertical meridian myopic. M. = -f- 2D or^". Hori- 
zontal meridian emmetropic. Amount of asti^niatism, or the 
difference in refraction of tJie two principal meridians, or Am. s 
-f2Dor+^". 

2. (Ah.) — Vertical meridian emmetropic. Horizontal meridian 
hypermetropic, H. being — 2 D or — •^". Amount of astigmatism, 
or Ah. = — 2 D or —^". 

3. (M. -f- Am.) — Vertical meridian myopic = -f- 4 D or -f ■^'', 
horizontal meridian myopic = -f 2 D or -f- ^". Difference in 
refraction between the two meridians, or the amount of astigmatism, 
or Am. = -f- 4 D — 2 D = -f 2D or -{• i^". 

4. (H -f Ah.) — Vertical meridian hypermetropic. H. = 

— 2*50 D or — ^" ; horizontal meridian hypermetropic = — 7 D, 
or nearly — \", Difference in refraction between the two meridians, 
or the amount of astigmatism, or Ah. = --• (7 D — 2'50 D) = 

— 4-60 D or -- ^". 

5. (Amh.)— Vertical median myopic ts, -f 1'50D or H- -grj-', 
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horizontal meridian hypermetropic, H. being = -— I'OD, or ■^", 
The amount of astigmatiflm, or difference in rdPractive power of the 
two meridianfi, or Amh. = + 1*50 D added to 1*00 D, = + 2*50 D, 

or + A". 

6. (Ahm.) — Vertical meridian myopic = -}- 1*0 D, or -^" ; hori- 
zontal meridian hypermetropic = — 1*50 D or — ~". The differ- 
ence in refractive power of the two meridians, or the amount of 
astiginatism, or Ahm., is, therefore, the same as in example No. 5, 
viz., — (1-50 D -f- 1*0 D) = — 2-50 D or —^". 

In the foregoing examples, the vertical and horizontal meridians 
have been named as the two principal meridians of refractive 
defect, because it is in these directions, or nearly in these directions, 
that the refractive anomalies in astigmatism are most frequently 
fomid. But the anomalies of refraction may be found in any other 
of the ocular meridians, and it is essential to determine the precise 
inclination of the astigmatic meridians in every instance under 
notice before the correction of the astigmatism becomes possible. 

To Determine the Direction of the Principal Ametropic Meri- 
dians in Astifirmatism and their Degrrees of Ametropia. — Various 
deecriptions of test objects have been arranged for determining the 
direction of the principal ametropic meridians in cases of astig- 
matism. Of these probably the most convenient are, firstly, circles 
or semicircles, having radii of lines disposed at certain intervals, 
and marked by figures at the circumference which indicate the 
number of degrees into which the circumference is divided by them ; 
or aecondly, series of letters formed by lines placed at various 
tmglea of inclination, such as those known as " Pra/s types." 

If a circle be employed, a horizontal line dividing the circle into 
two semicircles, or if a semicircle, a line forming the base line of 
the semicircular arc, is marked at one extremity and 180 at the 
other, while the line bisecting this is marked 90. The intervening 
radial lines are marked according to the number of degrees of the 
circumference included between them. 

The letters of Fray's types are formed of thick dark lines, with 
white interspaces of the same dimensions. There are letters with 
the lines disposed in a vertical direction, others have the lines 
horizontal, and others with the lines inclined at various angles 
between these two directions. 

In using these astigmatic test objects, the person under observa- 
tion \a pl^^ed at a distance of 15 or 20 feet from them, the objects 
being placed on a level with the face, and so that the light may fall 
on them. Note is then taken of the particular line, or particular 
letter, which appears most distinct to the astigmatic eye. If one of 
the lines or letters is seen without any blurring or confusion, it is 
apparent that the case is one of the simple form of astigmatism, and 
that the principal ametropic meridian is in the direction of the line 
or letter which is seen clearly. Let the line seen clearly be a 
vertical line, or the letter of Fray's types which is composed of 
vertical lines, the vertical meridian of the eye is ametropic, the 
horizontal emmetropic If now a + and - cylindrical lens of one 
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dioptric be Buecesaively pasaed before the eye with the axis of the ' 
lens held at right angles to tlie ametropia meridiaii, it will settle' 
the question aa to the nature of the astigm)^tiHn^, whether it be ' 
myopic or hypermetropic In the instance supposed, the axis tniut ' 
be horizontal. If the astigmatism be myopic, a — , if hypermetropic, 
a +, cylindrical lens will render all the other lines of the dial, or* 
letters of Fray's types, more dark and dLstinct. A succession * 
lenses of the kind thus indicated may then be passed before the eve ., 
until the lens which entirely neutralises the ametropia, shown by ■ 
oil the lines and letters being clearly seen, is met with. The power - 
of this lens being known, the nature and degree of the astigmatism. 
will be equally known. 

If, on regarding the dial or types, none of the lines or lettem 
appear totally free from reduplication or blurring, although somi 
have more delinitioD than others, the case is one of compound, o 
mixed, astigmatism. The direction of the line or letters seen leu, 
hazily is noted, and the indination of the ocular meridian ofi 
chief refractive defect is then known. Proceeding as before, a 
weak spherical -H or — lens will indicate the nature of the amo' 
tropia in this meridian. The spherical lens which completely, 
clears the line of indistinctness in the chief ametropic meric" 

shows the amount of ametropia in this meridian, and at the t» 

time reduces the case to one of simple astigmatism. A weak 4- o. 
^ cylindrical lens, with the axis perpendicular to the inclination ui 
the chief ametropic meridian, will show the nature of the ametroiria 
in the other principal meridian, and a succession of trials witib 
such lenses will show the amount of the ametropia by noting the 
lena which corrects it If the cylindrical lens correspond in ra- 
fractive quality with the quality of the spherical lena which c 
reeled the ametropia in the chief meridian, the case is one _ 
compound astigmatism ; if the cylindrical lens be of oppoHit* 
gnality to the spherical lens, the case is one of nus.ed astign ' ' 
Thus supposing, for example, the person under observation sees 

horizontal line of the dial or letter formed of horizontal lines It 

indistinctly, the principal meridian of chief ametropic defect i 
shown to be in that horizontal direction, the principal meridiw 
with least ametropia is shown to be vertical On trying witl 
■{■ and — spherical lenses of low power, a + lens increases Ot 
definition of the horizoulal line. The ametropia of the vertto. 
meridian, or meridian of least ametropia, is shown to be hypcss. 
metropia. A + r25 D spherical lens completes the definitioa «]" 
the horizontal line. The ametropia of the vertical meridiaQ i,.^ 
shown to be E. ^ l"2o D. The case is now reduced to one of 
simple astigmatiiim. A low power -J- cylindrical lens, axis vertioU, 
lessens the indistinctness of the vertical line. The ametropia ia 
therefore shown to be of the same nature in both principal meri- 
dians 1 and the case is shown to be one of compound nypermebwiic. 
astigmatism. On trial, a Cyl. + 2'50 lena, axis verticnl, clears tba 
vertical, and now with it and Uie + 125 D spherical lens together, 
t'le lines in all directions are cleared. The case is shown to be 
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n case of compound hypermetropic ustigmatiim, Ah. vertical ^ 
— r25 D, Ah. hori/oiital = — 375 D. Or, aa another example, 
the lines in a vertical direction being seen with least indifitinctneBs, 
and the chief vertical ametropic meridiaji being ahown to be 
vertical, a + 1 D spherical lena renders the vertical lines unite 
distinct. The honzontal ajnetropia is shown to be hypermetropia 
^ — 1 D. It ia presumed that steps have been taken to prevent, 
by the uae of atropine, the exercise of accommodation on the part 
of the patient, or otherwise the hypermetropia in the horiwintftl 
meridian might be neutralised by its exercise. On trial, a — cylin- 
drical lena is found to lessen the blurring of the horizontal lines. 
The ametropia in the vertical meridian ia positive in quality, 
opposite to the quality of that of the horizontal meridian, and the 
case is shown to be one of mixed astigmatism. A — 2 D cylindrical 
lens, Hie apherical -f- I D lens being retained, renders horizontal 
and all the other lines clear. The case is thus proved to be one of 
mixed astigmatism, with vertical meridian myopic ^ -|- 3 D, and 
horizontal meridian hypermetropic ^= — 1 D. 

OoiTsction of BeBTdar Astigmatism. ^ — The correction of the first 
two varieties of regular astigmatism — (1) simple myopic astigmatism, 
and (2) simple hypermetropic astigmatism — when the nature and 
degree of the ametropia id the ametropic meridian have been 
determined, in at once effected hy a suitable cylindrical lens. The 
axis of the lena must be placed in the direction of the visual defect, 
or, in other words, of the emmetropic meridian. The examples 
b^ora given of these two varieties will therefore be corrected as 
follows :— 

£x. 1. — (Am. ^ + 2 D, or -|- ^".) Vertical meridian myopic, 
-(-2D; horizontal, emmetropic. A Cyl. — 2 D, or Cyt. — ^-g" 
lens, with the axis horizontal, corrects the Am., and renders the 
whole eye emmetropic 

Ex. 2.— (Ah. = — 2 U, or — ^".) Vertical meridian emme- 
tropic ; horizontal, hypermetropic — 2 D or — J„". A Cjl. -f- 2 D 
or Cyl. -J- -j^" lens, with the axis vertical, corrects the Ah., and 
renders the whole eye emmetropic. 

Tlie coirection of the compound and mixed forms of astigmatism 
may be effected in either of two ways. The astigmatism, or the 
difference between the two princi[)al meridians, may be first 
rectified, and the remaining ametropia corrected by a suitable 

SheHcal tens ; or the case may be in the first instance reduced to 
e simple form of astigmatiam, myopic or hypermetropic, as the 
state may be, W an appropriate spherical lens, and the astigmatiam 
than corrected by a proper cylindrical lens. The latter is probably 
the shortesl method. The degrees of ametropia in the two principal 
meridians being known, whether in one of the varieties of the 
compound or of the mixed form of astigmatism, the correction of 
either meridian by a proper spherical lena will leave tliat meridian 
emmetropic and the other meridian alone ametropic. The case will 
than be one of simple myopic, or simple hypermetropic, astigmatism. 
"tithe meridian pusaesBing the relative maximum of refractive 
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power be ao corrected, the remainiiig meridian will be rendered 
iiypennetropic ; if tbe meridian having the relatiTe minimum of 
refractive power be corrected, the remaining principal one will be 
left myopic The application of a suitable cylindrical lens will 
then complete the correction as shown in Eza. 1 and 2. 

To illustrate this in the correction of the examples of oompoond 
and mixed astigmatism already given : — 

Ex, 3. — (M. = + 2 D + Am. = 2 D.) Vertical meridian myq>ic 
+ 4 D or + T^" ; liorizontal meridian myopic + 2 D or + ^". 
A spherical — 2D lens will render the horizontal meridian em- 
metropic, and reduce the refraction of the vertical meridian to a 
myopia of + 2 D. The case will then be similar to Ex. 1, and a 
Cvl. — 2 D or Cyl. — 2V' ^^^^» ^iih. the axis horizontal, will com- 
plete the correction. 

Ex, 4.— (H. = — 2-50 D + Ah. = 4*50 D.) Vertical meridian 
hypermetropic — 2*50 D or — -jV ; horizontal ■— 7 D or — y. 
A spherical lens + 2*50 D will render the vertical meridian emme- 
tropic, and leave the horizontal meridian hypermetropic 4*50 D, 
or — y. The case will then be similar to Ex. 2, simple hyper- 
metropic astigmatism, and a Cyl. + 4*50 D or i- \l' lens, with the 
axis vertical, will complete the correction. 

Ex, 5.— {Amh. = 2*50 D.) Vertical meridian myopic + 1"50D 

or + j^", horizontal meridian hypermetropic — 1*0 D or — ^". 

A spherical — 1*50 D or — ~" lens will render the vertical 
meridian enmietropic, and leave the horizontal meridian hyper- 
metropic — 2*60 D. A CyL -f 2*50 D lens, with the axis vertioJ, 
will complete the correction. 

Or a spherical + 1*0 D or + -^" lens will render the horizontal 
meridi<an emmetropic, and leave the vertical meridian myopic 
-f- 2-50 D. A Cyl. — 2*50 D lens, with the axis horizontal, will 
complete the correction. 

Ex. 6.— (Ahm. = 2*50 D.) Vertical meridian myopic -f I'D D ; 
horizontal meridian hypermetropic — 1*50 D. 

A spherical + 1*50 D or + ~" lens will render the horizontal 
meridian emmetropic, and leave the vertical meridian myo]nc 
-f 2-50 D. A Cyl. — 2*60 D lens, with the axis horizontal, will 
complete the correction. 

Or a spherical — 10 D or -^" lens will render the vertical meri- 
dian emmetropic, and leave the horizontal meridian hypermetropic 
— 2*50 D. A Cyl. -f- 2*50 D lens, with the axis vertical, will com- 
plete the correction. 

It is obvious from the foregoing illustrations that two methods 
can be practised for reducing each variety of compound, as well as 
of mixed, astififmatism, to a condition of simple astigmatism. Either 
the meridian m which there is the relative maximum, or the one in 
which there is the relative minimum, of ametropia, may be corrected 
by a suitable spherical lens in order to effect the reduction. If the 
minimum be selected, as in the examples given of compound 
astigmatism, tlie remaining ametropic meridian . retains its origina, 



kind of ametlxjpia, but in a leeaened degree. If the n 
ametropia be coneeled, the nature of tbe ametropia in the remain- 
ing principal meridian will be changed, and Hpherieal and cylin- 
drical lenses of oppoaite refractive conditions will have to be 
employed in the total correction. In mixed aatigmatisin, the re- 
mainiiig ametropic meridian, after the reduction to the simple form, 
may be eithv myopic or hypermetropic, according as one or other 
of the principal meridians has been corrected to reduce it to the 
simple form. Generally the mode of correction in which tlie con- 
ditions of refraction are simplest in kind, and least in degree, best 
answer the object in view. The creation of a new and opfjOBite 
kind of defect in the remaining meridian should be avoided in all 
cases when practicable ; while the phm which corrects one meridian 
and at the same time lessens the defect in the other, should be 
aimed at in aU instances in which the reduction of a complicated to 
a simple form of astigmatism is under conuderation. 

T^ere is a third mode of correcting compound and mixed forms 
of astigmatism, by neutralising the ametropia in each of the two 
principal meridians by suitable cylindrical leuaeo. The axes of the 
lenses will have to be placed at right angles to each other. Such 
bi-qrlindrica} lenses present practical didicultieB in their manufac- 
ture and adjnstment, and are consequently rarely emjiloyed iD 
astigmatic correction. 

IMbhuosIb ht"! Correotion of IrreKnlar AatitcinatlBin. — Irregular 
natigmatism being usually dne to superficial alterations uf form, result- 
ing bom inflammatory a£ections or other lesions of the cornea, some 
indications of the disease to wiiicb the eye has been subjected, are 
the general accompaniments of this form of astigmatism, such, for 
example, as cicatrices of oom«al ulcere, faults of curvature, corneal 

rities, and other abnormal conditions, wluch may be readily 
rved by lateral illumination of the cornea, or by direct opbthal- 
nuMCOpic examination. Not only is the visual acuteness found to 
be impaired owing to the imperfect trausmifsion of light dua to 
these changes, but objecte looked at t^ the patient are seen de- 
formed. Straight lines appear wavy, and differ in depth of colour 
in some of tiieir parts. Komtoacopy exposes the irregularity of the 
corneal curvature, by the manner iu which the lights and shndows 
fodow each other in succession, when the reflecting mirror is gently 
rotated on the axis of the handle which supports it. No forms of 
lenses, whether spherical or cyliudrieal, correct tlie deformity of 
such objects or restore Dormal acuteness of vision, altlioagh the 
deformity is less, and acuteness of vision fmquentty improved, 
when the access of raya of light is limited by the application to the 
eye of a stenopceic oiwning. 

Influenee of Ast. on Uilitarr Berviae — It may be read ily under- 
stood from cousidering the nature and efiects of astigmatism, that 
it is an optical condition which must seriously interfere with iha 
accurate performaiu* of some of the most important duties of 
soldiera. The condition of myopia does not prevent the eye from 
g cleariy at paTticoltir distances*; i hypcrrmebopia interferes with 

•■) 



06 THB OFTIOAL MANUAL. 

good sight less at some distances than it does at others ; bat astiff- 
niatism renders vision indistinct at all distances. Objects not mSj 
appear indistinct^ but they are more less altered in form ; the ex- 
tent and direction of their disfigurement varying according to the 
kind and amount of astigmatism in the eye which looks at them. 
The power of forming correct estimates of the distances of objects 
is consequently much impaired. In usinff a rifle, neither the object 
aimed at, nor the sights of the rifle itself can be seen accurate^— 
their outlines are blurred, more in one direction than another, and 
their shapes are more or less altered. Moreover, this faolty state ol 
vision is accompanied by an amount of ocular effort and ^rsistent 
feeling of uncertainty regarding the true characters of objects that 
add materially to the (ufficulties of any astigmatic person whose 
duty it may be to observe objects before him with promptness and 
precision. A soldier who is astigmatic cannot, therefore, be relied 
upon for the proper discharge of his trust if he be placed on guard 
as a sentry — particularly on active service in the field, where alert- 
ness as well as a wide scope of view, and a well-defined recognition 
of all objects are often of essential importance. 

The rules under which astigmatic defects of vision disqualify a 
recruit from acceptance for military service, and the regulated manner 
of determining the disqualification, will be found in Uhapter YIII. 



CHAPTER III, 

Subjective and Objective Modes of Tignal Examination. — Objective Asseisinent of Befrae* 
tion. — DntECT Modb of QpBTHAUfosoopio DiAOMOflu.'Ckmditions which Concem tte 
Observer. — ^Those which Concern the Observed Eye. — ^Bays Emitted by an Em^ 
metropic Eye. — By a Myopic Eye. — By a Hypermetropic Eye. — Effects of Foregoing 
on the Observer's Eye. — ^Application of Observations to Diagnosis.— Erect and Inrerted 
Images. — Objective Diagnosis of Emmetropia.— Of Myopia. — Of Hypennetropia. — 
Astigmatis*m. — Measdkb or Akstbopia bt Bbfkaction Ophthalmoscopes. — Bfanner 
of Employing them. — Diagnosis of Degrees of Myopia. — Of Hypennetropia. — On the 
Use of Befraction Ophthalmoscopes. — Kbbatoscopt.— Difficulties in Military Practiot. 
— Appearances in Keratoscopy. — Keratoscopy with Concave Mirror.— AppUd^cm 
in Practice. — Diagnosis of Degree of Myopia or Hypennetropia. — Measure and Cor- 
rection of Astigmatism. — Keratoscopy with Plane Mirror. 

Subjective and Objective Modes of Visual Examixiation. — ^The 
methods of determining the visual acuteness and refractive condi- 
tions of the eye hitherto described have depended in a great degree 
on the description by the person under observation of his own visual 
impressions. The subject under examination has told the surgeon 
whieit he could see, or could not see, under given circumsta|iceS4 
Reliance has nece^iarily had to be placed by the examiner on the 
honesty and correct description by the person under examination of 
the subjective phenomena that have occurred to him. If the person 
who has been tested has only been actuated by a desire to assist the 
examiner in his investigations, and has answered the tests put to 
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him mtelligentlj, the conclutdoiiH arrived at will be con-ect and Hure; 
but if, intentloDiJly or otherwise, the replies given to the exajniner 
and the statements Biitde by the pereou examined have not been in 
accordance with the person's reat impreBsions, then the concluEionH 
arrived at may be fatoe. The accuracy of the concluaiona may be 
tested by increaaiug the number of teat^ and varying their nature ; 
but theee proceedingB occupy more time than frequently can be 
spared for the purpose. If, therefore, modes of examination can be 
practised, in whidi there is no need for the participation of the 
person under examination, in which the surgeon's own observations 
of the eye and its appearances under certain conditions, will suflice 
to reveal to him its refractive equality, and, if ametropic, its amount 
of ametropia, it is evident that such sources of fallacy as have just 
been referred to will be altogether removed. If, moreover, satis- 
factory results can be attained rapidly by an objective examination 
of tie kind alluded to, then obviouBly the gain will l>e very great, 
both to the surgeon and patient, and especially to the surgeon when 
large numbers have to he examined within limited periods of time, 
as often happens in military practice. It is not to be wondered at 
then, that during the List few years a great amount of attention has 
been given to objective methods of exfiloring and determining ocular 
statea of refraction, especially abroad in countries where the system 
of conscription is in force, and the numbers of conscripts to be 
examined, and the amount of false assumption or exaggeration of 
visual defects is far greater than British military surgeons ever 
hSiVe to deal with. As a general rule, a large proportion o( con- 
seriptB for Continental armies would avoid military service if they 
could, und hence naturally have a tendency to exaggerate defects 
when they exist, or to make it believed that they exist when they 
do not exist, while, aa a general rule, in a system of voluntary 
enlistment, just the reverse holds good, and the recruits do their 
best to show their fitneaa for service. It is obviously comparatively 
easy for a surgeon to determine whether a recruit's power of sight 
Is np to a given standard when the man is doing the utmost he can 
to show his sight at the best ; while it is a very difficult matter to 
prove that the quality of vision of a conscript is up to the required 
standard, when the man is tryins to counteract the surgeon's eiTorts, 
unless the surgeon is sufficiently expert to determine the question 
by objective oreiervation. 

Objective Asaeaament of Oanlar Ke&aotion Ophthalmoscopic 

observation of the fundus affords very useful assistance to medical 
officers in enabling them to establish a diagnosis of the refractive 
condition of an eye in doubtful cases. If the subject^s vision be 
really defective owing to ametropia, the presence and kind of ame- 
^pia after a little practice, and even the degTe>e of the defect, can 
be determined by its means. The determination of the degree of 
visual acuteness by the methods previously described will indicate 
the amount of the alleged disafadity, and aa, if any attempt at 
simulation be practised, a high degree of defect is likely to be 
d, the ophllialmoscDpic examinatioa will resolve all doubt un 
m.) , F 2 
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the sabject, without the penon under oherarstiim fawring aiiy.poiPer 
to interfere with the conclusion at which the soroeoii' ma^SRiTec 

Both the direct and indirect methods of ophthi3mofloo|^ oliMrfa- 
tion can be used for ascertaining objectively the refractaiT^ steie of 
an eye, but the former method is more reliable and usefuL The 
direct mode of examination in whidi the miij^r alone is-^nplojed 
can be applied in two ways, vis^ by usin^ it for obeefratioin of an 
illuminated part of the fundus, or particmar object in tfais-ilhimi- 
nated portion ; or by using it for obserration of the shadow by 
which the illuminated part is bounded. This latter «pp^cM&m of 
direct examination is known as ^^ Kerataseopyy'* or sometimes 
" Metinoacopy" 

In order to judge not merely the quality of refraction, bat to 
determine the de^ee of amet^^ia when ametropia exiatB, odier 
expedients, in addition to the simple use of the concave mirror, ars 
necessary. The expedients in orainary use are mechanical amu^;e- 
ments for applying any required correcting lens to the aperture of 
the mirror by means oi ^^rifraetion ophthahnoicopea^ or tlie applica- 
tion, as in keratoscopy, of a series of trial lenses in front kA uie eye 
under examination. An explanation of each method follows. 

Assessment of Ametropia bt Direct Ophthalmoscopic 
Obseryation op the FuNDua 

OphthalznoBcopio Diagnosifl — Bireot Method. — In this proceeding 
the ordinary concave mirror alone is employed. It is imderstood 
that the examining surgeon is himself emmetropic, or renders his 
eye emmetropic by correction through a suitable fens placed in the 
clip at the back of the mirror. The suigeon arranges himself so 
that the mirror, through the sighthole of which he makes his ob- 
servations, is at a distance of 18 inches or more from the eye under 
observation, the light having its usual relative position to the patient 
and observer. For preciser observation, especially in cases wheie 
there is reason for suspecting an attempt* at simulation, it is well 
that the patient be placed* under the influence of atropine. If this 
should not be convenient or considered desirable, then the eye of the 
patient should be directed to some distant point so that its accom* 
modation may be relaxed as far as possible auring the examinatiim. 

Bays Emitted by an Emmetropic Eye. — In applying this method 
it is to be remembered that the rays reflected from the illuminated 
retina of the emmetropic eye have such directions given to them in 
traversing the successive r!^ractive media that they pass outwards 
from the emmetropic eye as parallel rays— that is, aU the reflected* 
lays emitted from each point of the retina after leaving the ejne 
travel in a direction parallel with the axial ray belonging to that 
point. 

Bays Emitted by a Myopic Eye. — The rajns reflected' fromr tbv 
retina of the myopic eye pass away from the ^lobe as ooovergent' 
rays, that is, all the rays from any one given illuminated point of 
the retina, instead of being parallel with the axial ray belonging to 
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that point, converge towftnlu it and meet upon it at some point 
This nieetiJig point is the remote point of diHtiuct vision of the eje 
nnder obeervatioD, and ha distAiice from the eye will depend upon 
the d^ree of myopia. Tlie higher the degree of myopia,, the more 
the ra^ converge, ajid, ea a, result, the nearer to tlie eye their meet- 
ing pomt. The point ou the retina from which the reflected taye 
start, and the pomt at which they meet in front of the eye are con- 
jugate foci, and in the coae of a retinal object being regarded, a real 
and inverted image of that object will be formM in the poaitiou 
of the conjugate focus situated in front of the eye. This atrial 
iuMge will be larger than tiie object from wliich it is projected. 

Bays Bmitted by a HTpeimetroplD Eya — The raya reflected from 
the retina of the Ljpernietropio eye pass out of the globe aa 
divergeiit rajs, that ia, instead of ^ipproaching toward the axial 
ray aa described in the myopic eye, they diverge from it. The 
greater the dehciency of refractive power in the eye under obeerva- 
lion, or, in other words, the higher the d^^ee of hypermetropia, 
iJie greater will be the angle of divei^ncy from the axis of the cone 
of tayg. If these divergent rays were prolonged backwards they 
would meet at a point behind the retina, and at the distHace of thi« 
point an erect, enlarged, virtual image of an illuminated retinal 
object would be formed. 

So far then aa an eye looking through the sighthole of the mirror 
is concerned, the rays falling ou it will be parallel if the eye under 
observation from which they proceoil be emmetropic, convergent if 
they come from a myopic eye, and have not yet reached tjieir meeting 
point ; aud divergent if they come from a myopic eye after they 
nave met and cromed, or if they come from a hypermetropic eye. 

Bffiaut of Bays tisua au Emmstropio Eye on tdia Oliaarver.— The 
observer being understood to be emmetropic, the ellect produced on 
his viaiiHi by rays having the aeveral directions named, will vary 
according aa .he exeii« accommodation or does not exert it. Being 
emmetropic, if no Ac. be exerted, hia eye is adapted tor focMsing 
paisJIel ra^ and he will be able to see objects on the retina of the 
envmetropie eye under observation ; but if Ac be exerted and hia V, 
adapted to the diabmce of the retinal object, he will not be able to 
see it with cle<initiou, because his eye will then be adapted for 
tocusaing divergent rays, while the rays emitted by the Em. eye and 
falling on his own are parallel rays. 

BffiBct of Buys &om a Uyopic Bye on the Obaerver. — If the 
eye under ohaerration ia myopic, the clearness of view of the fundus 
will not only depend on the fact of Ac. being exerted or otherwise, 
but will also be influenced by the reUitive position of the examining 
surgeon and the position of the punctum remotum of the eye under 
examination. If the observer be placed so aa tfl be within the 
remotum t^ the myopic eye under examination, and the emitted 
converging rays have not met and crossed before reaching the 
observer's eye, a clear im^e of a retinal object cannot be formed on 
^ gbsarver'a retina. Hia eye is adapted for (ocuBsiug parallel 
^^^isuf no Ac. be exerted, and will be adapted for divergent rays, if 
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Ac. be exerted, while the rays reaching it under the ocmditioni^ 
named are convergent raja If the observer be placed so as to be 
outside and beyond the remotum of the observea eye, so that the 
emitted converging rays will have met and crossed before arriving 
at the observers eye, then, under such circumstances, by aooommo' 
dating for the distance of the meeting point of the rays from the 
observed myopic eye, he will see the image formed at this point as 
distinctly as £f it were the object itself instead of its ima^. Hie 
emitted ravs having crossed, fall on the observer's eye. as diverging 
rays, and by the assistance of a suitable amount of Ac. they are 
brought to an exact focus upon his retina. The higher the degree 
of myopia the sooner will the emitted rays meet, and the nearer to 
the eye will be the atrial image of the fundus. 

Bflbot of Bays from a H3n;>ermetropio Biye on the Ohmerw&t, — If 
the observed eye be Ha, as already mentioned, the emitted rays 
have a divergent direction, and fall upon the observer's eye as 
divergent rays. Now, if the observer accommodates for the apparent 
origin of these divergent rays, that Is for the virtual remote point 
of the eye under observation, he will be able to bring the divei^gent 
rays to a focus on his retina and thus obtain a clear view of the 
objects on the fundus of the observed eye. The divergence is 
neutralised by the observer bringing his Ac. into action. If the 
observer cannot eji:erci8e sufficient Ac. for the purpose, or, in other 
words, if the virtual remotum of the observea eye be within the 
near point of distinct vision of the observer, clear vision of retinal 
objects on the fundus of the He. eye will not be obtained. 

Application of Obeervations to Diagnosis. — The observations 
just described suffice to show whether the eye under examination is 
emmetropic or ametropic. The fact that no object on the fundus is 
defined, if any Ac. be exerted, proves that the eye is emmetropic ; 
the fact that objects are defined when Ac. is exerted, proves that 
it is ametropic, and further, if the eye be myopic, that the remotum 
of the myopic eye is within the range between it and the distance 
of the observer. But more precise knowledge of the nature of the 
image seen by the observer is necessary in order to define the exact 
nature of the ametropia that is dealt with. This information is 
obtained in the following manner. 

Although the observer takes a position at a distance of a foot and 
a half to two feet from the patient at starting, he may find that he 
has to vary the distance considerably before obtaining a clear view 
of the fund s. He will then move himself backwards and forwards, 
so as to increase or lessen the distance, according to need, until a 
clear view of a part of the fundus is obtained. If the eye under 
observation be emmetropic, and the observer finds a difficulty in 
relaxing his Ac, he will have to bring the* mirror close to the eye 
of the patient before he can obtain a view of the fundus. When 
the observer's eye is brought thus close, all Ac. relaxes spontane- 
ously, and the parallel rays emitted from the emmetropic eye can 
then be focussed on the retina of the observer as easily as LP they 
proceeded from an object at infinite distance. 



Breot and InTarted Iinag«H. — The observer, as soon as be liaa 
tibtainod a clear view of the [Mjrtioii of the fundus before him, fixes 
upon a retinal vessel as a mark of observation. A vessel proceeding 
fi-om the optic papilla forms a convenient mark, as it is conspicuous 
by contrast with the background over which it passes. Moving 
his head to one side, the obeerver watches the apparent movement 
of the retinal vessel he has selected as a marK. If the object 
regarded folloir in its apparent movement the same direction as the 
head of the observer — if the observer on moving hia head to the 
riglit sees the vessel move to his right also, he unows that he is 
looking at an upright image ; if, on the other hand, the object in 
its apparent movement follows a direction opposite to that of the 
observer's head — if the observer on moving his head to the right 
sees the vessel move to the left — he knows that he is looking at an 
inverted image of the object lie has taken as a mark. 

Objeotlve DioKUoBia of SmraetropiBi. Ajiplying the obaervationa 
jost described if the observer, accommodating for the distance of the 
eye under examination, fail to obtain a distinct image of a retinal 
vessel, the eye may be regarded as neither myopic nor hyperme- 
tropic, but emmetropic "flie conclusion wilt be rendered complete 
if the observer, carrying the mirror close to the eye he is examining, 
aud no longer exerting accoounodation, is then able to see a clear 
enlarged image of a, portion of the fundus, and if tliis image proves 
itself to be an erect image by moving in the same direction aa the 
obeerver moves his head. 

Olijeative dasnosia of Myopia. — If the observer, with the 
mirror at 18 inches or farther, sees a, distinct image of a portion of 
the fundus, and, marking a [mrticular vessel, finds it move In the 
opposite direction to that in which be moves his head, it is evident 
tbat bo has a myopic eye before him. The image that he is seeing 
is an inverted image formed at the remotmn of the eye under 
examination. If the observer's near point of distinct vision is 
beyond the ranee of distance between his eye and the image, the 
image will not he so distinct as it will become when he moves him- 
self farther away from it If the remotum of the myopic eye be 
farther off than the distance at which the observer can usefully 
employ the mirror for illumining tlie eye — a distance of 3 feet or 
more — no distinct image will be seen, and if a vessel can be dis- 
tinguished it will move in the same direction as the observer's head, 
for the reflected rays emitted from this feebly myopic eye will not 
have crossed before tliey have reached the eye of the obeerver. 

Objeotive DiaenoHls of HypermetTopia. — If the observer with 
the mirror at 18 inches or farther sees an image of a portion of the 
fundus while accommodating for its apparent distance, and marking 
a particular vessel, finds it move in the same direction as that in 
which he moves his head, the conclusion is that he has a hyperme- 
tropic eye before him. Tlie image is seen more distinctly aa the 
obeerver approaches the eye under examination until he has arrived 
at & or 6 inches from it. The objecte seen do not appear so enlarged 

Kydo in the emmetropic eye when the observ^'s eye is brought 
■ J 
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close to the obaerved eye, but the chief distinetion -between the ecnr 
dition of Em. and H. is to be found in the fact that no image ean he 
seen in the emmetropic eve at a distance of 6 or 8 inches, or farther 
off, unless all accommodation is suspended, while in the h7iNa> 
metropic eye the image is seen when accommodation is exerteq in. 
proportion to its distance and the degree of the defect. 

Ohjeotive Diagnofiis of Astigmatism. — ^The same indicationBiDi^ 
be turned to account in determining the existence of astigmatiflB. 
The indications will vary in the two pijincipid meridians in kind 
and degree, according to the nature and ajpount of astigmatism 
presented. In mixed astigmatism the indications will be contmy 
m one meridian to what they are in the oi^XMdte meridian ; they 
will correspond with those which characterise the nvyopic condition 
in one meridian, while they will agree with those distingvuduDg 
the hypermetropic condition in the onposite meridian. If no 
asti|apnatism be present in the observea eye the retinal veswls 
radiating over the fundus ar^ seen in all directions with equal dis* 
tinctness. 

ASSESSXBNT OF AMETROPIA BT Kj^RAOTIO^ OPHTffAXJfOSOOPflB. 

Description of Befiraction Ophthalmoscopes. — ^These opthahno- 
scopes are used for determining objectively the state pf refraction <^ 
an eye on the same principles as those on which the direct method 
of observation just described by the concave mirror alone is baaed ; 
but the mirror is furnished with a series of small convex and con- 
cave lenses with a view to determine not only the nature of any 
ametropia which may exist, but also to estimate its amount by 
ascertaming the power of the lens^ necessary for its correction. 
There are man^ forms of refraction " opMhalmoscopes, differing in 
mechanical details, but in all the varieties the small correctinjr lenses 
are so arranged that they can be moved in rotation behind the 
mirror in such a way as successively to cover the sight-hole through 
which the observer looks at the eye under examination. There are 
usually two superimposed discs behind the mirror, each carrying a 
certain number of lenses, arranged circularly near its outer border, 
and each capable of being rotated indepenoentl^ into any position 
at the discretion of the operator. In the refraction ophthalmoscope 
sold as '^ Johnson's improved ophthalmoscope" the lenses are so 
arranged that in applying them only one refracting medium inter- 
venes oetween the eye of the observer and the patient in all the lenses 
between —ID and — 10 D inclusive, and between -|- 1 D and 
-j- 8 D inclusive, while by the intervention of a second lens all tiie 
intermediate half dioptrics and higher powers up to — 29 D on the 
one hand, and + 23 D on the other hand, can be obtained. By this 
means, although twenty-one lenses are inserted in the two d?sc8, a 
range of seventy lenses is obtained. Means are adopted for indi- 
cating at the back of the instrument the power of each lens brought 
before the aperture of the mirror. This ophthalmoscope, like others 
of the 8amj9 class, is ^Iso supplied with two concave mirrors, one 
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email and of short focus, the other large and of long focus. The 
small mirror has a diameter of seveii-eightha of an inch and a focal 
length of 3 incite^ the larger mirror a diameter of 14 inch and a 
focal length of IB inches. Thej are so connected and ptvotted that 
either can be ioatantly brought into position a^ required, and so 

p3.tient'8 eye, and a second, suitable for concentrating light on the 
fundus when used at a distance from the patient, as m the indirect 
method of esamination or in keratoaci py. The smaller mirror is 
not flat, having its plane parallel with ti e plane of the revolving 
discs, liJie the larger mirror, but is set at uu uu^^le of 35°, and being 
Tnade to rotate round its own axis can be tunved to reflect tlie light 
from and in any direction reqiured. The examining surgeon. 
instead of inclining the mirror, in order to obtain tlie fullest amoi nt 
of light for reflection upon uia eye of the patient, can effect U e 
sam.e purpose h; rotating the mirror in its position, and at the same 
time avoid the inchnation which would ottierwisi' be given to the 
correcting lens relatively to his own line of sight. Wnatever the 
position of the inchned mirror, the princit>al axis of the lens wed 
for correction, and the visual axis of the observer, remain in one and 
the some hue. 

manner of nsbLg' Be&actlva OphtlialiiioaoDpes for Direct ObEer- 
■vBtion.^Tlie sm;ill mirror is bi'oiiglit uppermost. Aa it is incon- 
venient for the observer to use one of the disc lenses attached to 
the mirror for correction of his owu ametropia in case be is ame- 
tn^ic, lie must either wear suitable spectacles or take his own error 
of refraction into account when he liiids the lens which appears t« 
correct the ametropia of the observed eye. If the observer be 
myopic, he must subtract the power of the lens equivalent to his 
degcee of myopia from the lens which corrects an observed myopic 
eve, or must add it to the power of the lens which corrects an 
oWrved hypermetropic eye. If the observer be hypenuetropic, lie 
will have to deduct the power of the lens representing hie degree of 
hypermetropia from the power of the correcting lens of a hyperme- 
tropic patient ; he will have to add it to the power of the correc-ting 
lens of a myopic patient. It is necessary also that the accommoda- 
tion of the obaerver as well as of the eye under obaervatiou should 
be in abeyance. Holding the instinment upright, he then places 
the mirror as near to the eye to be examined as can be managed, 
and rotates the mirror uutU he has so adjusted it as to concentrate 
the light on the fundus of the eye under examination. At this 
close iBstance to the examined eye there will be little, if any, difli- 
cillty as regards the exercise of accommodation by the examiner, 
and bis eye will be adapted for focussing parallel rays. The light 
ahonld be placed to the outer side of the eye to be examined, and 
about 6 indies behind it For this observation it is less embarrasaiiig 
for the examiner to place himself on the same side of the patient as 
tiie eye to be examined — on the right aide for the right eye, on the 
left side for the left eye. The patient should be caused to turn his 
^•reuTiwarda and inwards in such a direction as will bring tlie optic 
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entrance in line with the observer's line of sight, and to look as ht 
away as practicable in order to keep his accommodation relaxed. 
The handle of the instrument should be held in the hand of the 
observer, but his forefinger should rest on the margin of the wheel 
by the action of which tne principal disc is turned, when, if it be 
the left hand, by pressing the disc from above downwards, or from 
left to right, the correcting lenses will be brought into position in an 
ascending series, and by pressing it in a reverse airection in a 
descending series. The value of each lens as it comes into place 
is shown on the back of the instrument ; the figures being coloured 
red for the convex, white for the concave lenses. The indicati(Hi8 
will then be as follows : — 

Diafimosis of Exnxnetropia. — An enlarged and uprifi^ht image of 
the optic entrance and retinal vessels is seen. The details of the 
image are clear, and are not rendered more dear by the interven- 
tion of any -f or — lens. It is necessary to be sure to prove that 
the eye is not hypermetropic, for in the hypermetropic eye the image 
may be clearly seen by the observer if he use his accommodatian 
and so focusses the emitted divergent rays. If, however, the eye is 
emmetropic the intervention of a -|- lens of low power will change 
the direction of the parallel raya as they fall on the eye of wb 
observer into converging rays, and the emmetropic observer will 
then fail to get an image as clear as he did when the rays fell on his 
eye as parallel rays. 

Diafimosis of Degree of Myopia. — ^The observer sees only a 
blurred and indistinct image of the fundus, for the rays falling on 
his eye have a converging direction. On rotating the disc and 
bringing the concave lenses in succession over the sight-hole the 
image becomes gradually clearer, and is at last rendered distinct 
The refractive excess of the myopic eye is then neutralised, and the 
rays emitted from it after passing throurfi the correcting lens fall 
on the observer's eye as parallel rays. They are changed into the 
same direction as if they were received directly from an emmetropic 
eye. The power of the first, or least dispersing, lens which produces 
this result expresses inversely the degree of the myopia. The 
image may remain distinct, although a dispersing lens of higher 
power is placed behind the aperture of the mirror, but in this case 
part of the action of the higher concave lens is neutralised by the 
observer exercising a proportionate amount of his accommodation. 

Diasmosis of Degree of Hypermetropia. — ^The image of the 
fundus is seen clearly with the mirror alone, if the observer can 
exercise accommodation so as to adapt his sight to the apparent dis- 
tance from which the divergent rays emitted by the eye under 
observation take their start. The observer tries the intervention of 
a -f lens of low power. If the image remains clear the eye is hyper- 
metropic ; the divergency of the rays emitted by it is lessened but 
the observer still accommodates for the apparent distance of the 
virtual remotum of the eye under observation, and so obtains a 
clear image of the fundus. The lenses are successively in 
creased in strength until the image of the fundus is rendered 
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moi-e or less indistinct. The rays Mling ou the eye of the oliserver 
tire now not divergent nor parallel, bat nave beun rendered conver- 
gent The refractive deficiency of the eye under observation has 
been more than supplied, and the eye rendered sli^tly myopic. 
The lens expreaaive of the degree of hypermetropia will, therelore, 
be either the last use<I, the strongest converging lens under which 
the fnndi[3 was seen clearly, or will be between it and the lens 
which has rendered the image of the fundus more or less confused. 

Bamarks on the Use of thaee InstramentB,' — ^Much pr&ctice is 
necessary before an estimate ot the degree of ametropia can be 
formed even with approximate eiactuees in some instances. £rrors 
are apt to arise from the observer not relaxing his acconunodatiou 
completely or from failing to determine the precise limits of the 
mamnum of distinctness of the images seen by him — at what point 
the diBtinctneas is greatest, or at what othei- point the distinctjiess 
b^ns to be lessened. Other sources of error occur in this method of 
examination. Theoretically the correcting lens ought to be situated 
at the anterior focus of the eye under observation, about half ini 
inch in front of the cornea, btiC from the form of the instrument 
and the position in which it must be held for reflecting tlie light 
upon the pupil, the lens behind the mirror is practically an inch or 
so beyond this distance. The greater the distance of the lens from 
ih& ajiterior focus of the eye, and the higher the degree of ametropia 
of the patient, the less precise will be the estimate furnished by the 
powec of the correcting lens. 

The allowance to be made on acconnt of the various sources of 
error just referred to can wily be arrived af after long practice with 
the instrument. The difficulties are inoi-eaaed when the refracting 
ophthalnioauope is employed for determining the relative ditferences 
of refraction in a case of astigmatism. 

Assessment of Ametropia by Kbeatoscopt. 
KaratoBOopT.— Keratoscopy is a name given to a mode of deter- 
mining the refractive condition of an eye, which ia now much 
resorted to in civil hospital practice, as it can be employed indepen' 
dently of active aflsistance on the part of the patient, can be accom- 
{dishcd rapidly, and the end attained in most cases with adequate 
precision, notwithstanding the presence of amblyopia. Keratoscopy 
does not depend upon observation of the cornea itself, aa the term 
voold seem to imply, but upon variations in tlie aspects and rela- 
tive movements of certain lights and shadows seen within the 
pupillary disc under special ophthalmoscopic arrangements. The 
tenn Betinoscopy is sometimes applied to the same method of 
observation, but this term fails to distingiiiali it from other modes of 
ophthalmoscopic observation of the retina, and the meaning of 
teraloscopi/, though faulty its an expression, is univereally under- 

XsratoBcopy in Ullltarr Fraotiae. — The practice of keratoscopy 
I not only a mirror, either concave or plain, but also a 
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complete case of trial lenses. As such trial cases do not form part 
of the equipment of military hoepitnla, military surgeons will rweh 
be able to avail themselvea of thia metliod of observation for decid- 
ing the qualities of tdsion in particular cases aubjected to their 
juJgment, but must resort to otber proceedings described elsewhere 
in this manuaL Whenever trial cases of lenses are available, 
however, by private means or otherwise, keratoacopy, when die 
art has once do acquired, will be found to possess wany advan- 
tnges, especially in cases complicated with amblyopia or aatigmatimti. 
To be expert in the application of keratoscopy the surgeon must be 
prepared, as in other modes of estimating amounts of error of 
refraction ohjcctively, to devote considerable time and attention to 
its practical acquirement. 

AiraugtauentB necaasary for BeratoMop^.— The pupil of the eye 
to be examined having been dilated, and the accommodation para- 
lysed, by the use of atropine, when its employment is not for anr 
special reasons objectionable, the patient, seated in a dark room witd 
the lamp placed well behind him, is directed to look at a distaitfc 
object just above the surgeon's head. The surgeon, having proj 
vioualy corrected any error of refraction peculiar to himself qy ft 
suitable lens at the aight^hole of the mirror, seats himself at ft 
distance of about 3 or 4 feet from the patient, and lights up 
the eye to be observed by means of the mirror held vertically. Tbt 
most convenient mirror for the purpose is a concave mirror whooBj, 
principal focus is at a distance of from 1 toot to 18 inches. 

Appeaiances in Keratoaocw Observing steadily the ilium 

intra- pupillary disc, the surgeon rotates slowly the mirror on . 
axis of its handle, and on doing tliis the appearance of a darfc' 
shadow may be noticed at one of Die lateral borders of the red diB^< 
and, if the rotation be continued, the shadow will advance until W: 
obscures the whole space of the disc. At a certain interval half tb4' 
disc will appear illumined and half appear shaded. If it be thti 
half of the disc to the left of the oheerver which is obscured, whil* 
the half to his right is illumined, the shadow is advaooiug frwn k ** 
to right, as seen by the observer ; if the sliadowed and illunuB 
portions be reversed iu position, the shadow travels from 1 
observei's right toward bis left hand, so that the shaded part alwi 
marks the aide from which the shadow travels, and the illumiii 
part that to which it is travelling. The exposed border oi tk 
shadow will sometimea be straight, sometimes more or less creso) ~ '' 
in outline ; its intensity also, antl rate of movement with refer 
W the movement of the mirror, will vary iu different ci 
be seen from the arrangemeat of the Ught and from the d 
which the observer holds the concave mirror, that the couver 
tays reflected from the mirror will meet and intersect ii 
and that, having crossed, they will then fall on the eye as c _ 
rays proceeding from the point of intersection, and willuttimai«lj: 
brought to a focus, or will approximate to a focus, and will fowiA 
more or leas defined ima^ 
qiujitj pf the media of t 
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have been act«d upon in their passage. The part of the retiua 
outside the iUuiniiiat«d ininge will 1>e in ahadinr. It is thin shadow, 
dark by oontraet with the illuminated jiarlof the fundus, the move- 
ments of which, after the imago and its surrounding shadow have 
been acted upon in returning through the refractive media of the 
eye toward the eye of the ower^'er, the observer examinea in kera- 
toscopy. The more true and defined the image on the retina, the 
brighter will be its edge and the darker and more distinct the 
border of the ^adow ; on the other hand, the more the image is 
confused by circles of diffusirm, the more weak will be its illununa- 
tion though more eitended in area, and the less defined and the 
more crescentic in outline will be the border of the shadow. It 
fuUoira, therefore, that it is in the lower degrees of ametropia, 
where there is least difibsion, that the most defined shadowa are 
presented to view, and i^ iw«J, that in the higher degrees of 
ametropia the shadows are leas marked in ctmracter and outline. 

Mature of Koratoaoopy.^It will be obHeiVed from what has 
been stated that the direction in which the light and ahade aJter- 
nate, (H', in other words, the direction from which the shadow 
oomes and to which it goes, does not depend solely upon the direc- 
tion of movement of the mirror, but, with the same movement of 
the mirror, will vary according to the refractive quality of the eye 
under observation. In kemtoscopic observation, therefore, the 
Hurgeon first takes into account the direction in which he moves hie 
mirror, and, secondly, tiie direction in which the shadow follows the 
I'efleoti'd light within the pupillary dLsc ; whether the path of the 
KhaHow ia direct, or follows the light in accordance with the jnove; 
ment impressed on the mirror, or whether its path is inverted, the 
nbadow following the pupillaty light in the opposite duwtion to that 
of the movement given to the mirror. 

BitlmatlnB Ametropia by Keratoscopy. —These constitute the 
principal points to be noted so far as eoncerna the delenninatioii of 
the refractive quality of the eye under obeervation ; but, if the eye 
1>B ametropic, certain other points already alluded to have to be 
noted in forming an estimate of the amount of the ametropia. The 
form of the edge of the shadow, whether linear or creacentic ; tie 
kind of movement, whether slow or relatively quick ; the degree of 
tirightness of the illuminated portion of the disc, and the definition 
of the edge of the shadow ; ail assist in affording means of eati- 
mating the amount of ametropia. There is, however, only one 
method of determining the degree of ametropia witli precision, viz., 
by the use of trial lenses pla(»d in succesaiou before the eye under 
ooBervotion until the keratoscopio signs of the ametroj>ia are caused 
to dia^pear or changed in character. 

AvpUosition of KeratoaoaRr 1^ PraotiDe — The surgeon, patient, 
and light being in the relative poaitions and at the distances before 
deaoribed, and the patient's givae being fixed on a distant object, 
especially if atropine has not been used in order to preveirt 
exercise oF accommodation, the aurgeou lights up the eye to be 
' Tba eyaof the patient should be so turned that the light 
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neither falls on the macula lutea Dor on the opticpapilla, but to the 
inner side of both or on the retina below. The mirror is now 
rotated, and the order of movement of the light and shadow in the 
pupillary disc watched. The following wul be the indications 
according to the nature of the movements observed : — 

1. If the light and shadow follow the direction of the mirror, or 
in other worcb if their movement be direct, the eye is myopic, aiid 
the degree of M. indicated is higher than 1 JD. The mirror, held at 
a distance of 3 or 4 feet, is outside and beyond the distant point 
of distinct vision of the examined eye. 

2. If, under the same circumstances, the light and shadow move 
in a direction opposite to that of the movement of the mirror, in 
other words, if their movement is an inverse one, the eye is pro- 
bably hypermetropic, but either enmietropia, hypermetropia, or 
myopia of a low degree may be present. If it be a case of weak 
myopia, the shadow is light, not strongly marked ; the mirror is 
withm the distance of the distant point of distinct V. of the eye 
under observation ; the degree of M. is lower than 1 D. 

To Ascertain Amount of M. or H. — ^A trial spectacle frame is 
placed on the patient, and according to the nature of the ametropia 
oia^osed, either -(-or — lenses are placed in succession before the 
patient's eyes, until the shadow is caused to reverse its direction 
under the keratoscopic observation or becomes hardly noticeable. 
If the shadow has its direction reversed, the ametropia is more 
than neutralised, and weaker lenses must be applied until this 
reverse movement ceases, and the shadow is simply deprived of 
definition. The lens which produces this result gives approxi- 
mately the measure of the ametropia. If the result is not similar 
in opposite meridians of the eye, astigmatism exists, and each meri- 
dian will have to be dealt with separately in the manner just 
described. 

Estimatingr Degree of Myopia. — It will be observed that in 
diagnosing and estimating M., the distance of the observer rela- 
tively to me distant point of distinct vision of the eye under obser- 
vation, or the degree of M., has an important bearing in the 
keratoscopic appearances. If the observer nolds the mirror farther 
off than the remote point of V. of the eye under observation, the 
movement of the shadow is direct, as already mentioned ; but if the 
observer were to place himself within the distance of the remotum 
of the eye under observation, the movement of the shadow would 
be reversed ; while if he were to place himself at the precise dis- 
tance of the remotum, no defined shadow would be observable. 

If, therefore, the observer place himself at 1 metre distance or 
beyond, and the shadow more directly with the mirror, the eye 
under observation has M. higher than 1 D, while if the shadow move 
inversely as the mirror moves and the eye is myopic, the degree of 
M. must be less than 1 D. In the higher degrees of M. the rehac- 
tive condition is easily recognised ; m the lower degrees of M., 
such as M. of 1 D or lower, the M. is not readily distinguished from 
emmetropia, or a low degree of H. ; for the movements of the 
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shadow bounding the iniRge formed at such a diatftnce from the eye 
under obeervation are liaidly recogiiisabie. But if on jJacing before 
the observed eye h, + leniS of low power, such as one of half a 
dioptric, the direction of raovement of tlie sha<iow ia Been to be 
changed — from moTing inversely to moving directly — there is no 
doubt the case ia one of low myopia, and tJiat the small addition of 
the ^^^0^b lejiR has given it the uauul character of M. of a higher 
degree. It it were a case of hypermetropia, so small an addition 
would not have sufficed to neutralise the hypermetropic deficiency 
of refraction. 

Bstimate and Coireotloii of Artipmatleiii by SeratOBOopy. — 
The correction of astigmatism by keratoscopy is effected on the same 
principles in each of the meridians, but the process is one which 
reqtiirea considerable practice in order to accomplish the desired 
resolta with accuracy. If a shadow in a vertical direction differ in 
definition or intensity, or show a different rate of movement from 
the shadow in the horizontal direction, or if the shadows assume an 
oblique direction, it may at once he assumed that astigmatism exiais 
which requires correction. Each meridian is corrected separately, 
and the eye afterwards tested with the combined spherical and 
■cylindrical lenses before it, and when the ametropia appears to be 
neutralised in all directions, it may be assumed that the glasses are 
correct. If the shadows are not vertical and horizontal, but have an 
oblique direction when the mirror ia moved in the ordinary way, 
the obliquity of the astigmatic meridians will be in a corresponding 
direction. 

KeratDaaopy with the Plane Mirror, — If under similar circiim- 
stances to those just described the surgeon uses a plane mirror at a 
distance of 3 feet or beyond, on observation of the eye under 
examination the effects will be found to be the reverse of thoie 
met with when the concave mirror was used. The shadow will 
follow the same path as if the observer were watching the retina 
itself, or vessels on the retina, aod oteerving tho manner in which 
these objects move relatively to the movements of his own head in 
direct illumination of the observed eye. If the eye under examina 
tion be myopic and the myopia exceed I D, the shadow will move 
inveiBely as the mirror is moved ; if the shadow move directly in 
accordance with the movements of the mirror, the eye is either 
emmetropic, hypermetropic, or is myopic inferior in degree to 1 D, 
In the emmetropic condition the shadow has only moderate satura- 
tion, though it may be well defined ; in hypermetropia, the satura- 
tion and definition of the shadow are increased in proportion to the 
increase in degree of E, ; in myopia tlie definition and depth of the 
shadow also vary according to its degree. With M, higher than 
1 D, the image of the illumined portion of the fundus and the 
Bhadow, which is a real image formed between the mirror and the 
observed eye, ia well marked ; with M. lower than 1 D, the image 
ia erect and virtual, not formed in front of the mirror, and the 
(diadow is wanting in distinctnesa and saturation. 
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CHAPTER IV. 

AccoiofODATOBT FuHCTioM OF TBE Etx.— Act of Aocominodatioa. — ^Demmd for Ac— 
M<«han{mn of Ac— Power of Ac. — Expression of Amonnt of Ac. — Muumt of 
AnuHiat of Ac. — ^Begion of Ac— Assodation of ConTergenoe aod Ac. — PBamoffU. 
— Definition. — Optical Ck>ndiMon8. — Causes. — Diminution of Ac with Age. — ^Ab* 
normal Pr.— Symptoms of Pr. — Diaipiosfs. — Determination of Denree of Pr.^* 
Examples.— Correction of Pr.~Bange of Ac. in Preebjopie VlaoB. — ^Ar. vltk 
Myopia.— Pr. with Hypennetrapia. 

AoCOJQfODATOBT FUNCTION OF THfl EtB. 

The conditions previously described, viz.. those of emmetropia^ 
myopia, hypermetropia, and astigmatism, depend upon persistent 
qualities of eyes: It may be supposed that the (quality of an eye, so 
ntr as concerns either one of the conditions just named, would 
remain the same whether the eye, if physically unchanged, be a living 
eye, or whether it be disconnected ftt>m the human body. It is 
simply a quality which is determined by the forms and refractive 
powers of the several dioptric media of the eye acting in concert, or 
of the whole of them together regarded as a single lens, relatively 
to the position of the retma. 

The eye has the function, however, under certain circumstances 
of changing its refractive adjustment. If it were not so, the eye 
would be adapted for clear vision at one distance only, viz., that of 
its distant point. The emmetropic eye would onl^ see objects 
clearly at infinite distance ; the myopic eye at its hmited distant 
point ; the hypermetropic eye would not see objects clearly at any 
distance. This function, by means of which the eye is able to see 
objects clearly at different distances, is called the cuxommodcUofy 
function, or briefly, accommodation. The discharge of the functicm 
constitutes what is known as the act of accomm>odation. 

Act of Ao'oominodation. — This act is performed on all occasions- 
when vision is transferred from a more distant to a more near 
object. If two pages of print are placed a few inches apart before 
the eye, with an opening in the more near page, the eye while 
reading through this opening the print on the more remote page is- 
unable to reco^ise any of the words on the near page. To read 
the words on me near page, although they are closer, the eye, in 
common language, must "look at them ;" and on reading them the 
eye ceases to be able to recognize the words on the more remote 
jjage, although they are within reading distance, and uiav be directly 
opposite to the eye. The same effects may be noticed m looking at 
a landscape through a pane of glass, and then at some small obiect 
on the glass itself. The term ''looking at the object*' here signifies 
l>erforming the act of accommodation. If carefully observed, the 
act of accommodation will be noticed to be accompanied with a 
sense of muscular effort. If tiie parts concerned in tilie proceeding 
liappen to be inflamed, as occurs in iritis and other morbid states^ 
the act of accommodation is accompanied with considerable, often 
acute, pain ; and one, among Uie other advantages of the use of 
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atropine iu the treatment of iritis, is that it stops the ai 

<Iation by temporarily purolyHing tlie atnictiiree on which the 

fimctioii depenos, and eo averts the pain that woulil be caused by its 

exerciae. 

Demand fin Acaomniodatlon.— The need for the exercise of 
accommodation iacreaaeH iii |))xipoi'tion to the proximity of objects, 
or, in other words, to the divergency of the rajH proceeding frotri 
tliem which have to be brought accurately to a focus on the retina 
of the obaerver. 

HeohajiiBia of Aocommodatloi] The act of accommodHition, 

which ill ordinary optical inatrumenta is effected by altering the 
meuhauiad adjustiuenta subordinate to the lenses, in the eye is 
effected by changes in the form of the crystalline lens itself. Tlie 
distance of the surface on which the images are received, the retina, 
team the front of the refractive media, the cornea, remaining the 
same, it can only be by increasing the refractive power of the eye, 
that the more divergent rays from nearer objects can still be brought 
to an esact focus at the distance of the phme of the retina. Various 
experimental observations have proved that the agent in affording 
this increase of refractive power is the crystalline lens ; and, indeed. 
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tJiat this lens does become n 

BZact propoi-tion to the increased n 

the eye h<^ been demonstrated by varioi 

oally by Protcsgor Helmholt* by mean 

The, anterior pole of the cryatalliue I 

diiuopter of iU equatorial circumference ii 

rior surface being thus rendered more coi 

tbo cornea in proportion to the nearnes 

wnred. This convexity is lessened again when objects a little 

farther oS are to be observed i and for ODJects beyond a distance of 

20 feet or so, from which rays ppocaed in nearly parallel lines, the 

lens resumes the form which bBlonga to its state of repose. When 

no accommodation whatever is exerted, rays of light entering the 

eye, so far as regards the direction which they subsequently asgume, 

are influenced by the stationary refractive quality of the eye akine j 

and although this permanent quality may be added to by the exercise 

of <die function of accommodation, aa iuHt described, there are no 

mean^ provided within the eye by which it can be lessened. 

The production of the changes in the form of the lens is attri- 
buted principally to the action upon it of the ciliary muscle. The 
iris has ceased to have any power of action or has even been totally 
absent ; the external ophthalmic muscles have ail been paralysed ; 
and yet the accommodatory faculty has remained apparently perfect. 
Theivtore, this faculty couldnot have been dependeut on the influence 
of any of these stnictures as was once supposed. 

A further proof tjiat the ciliary muscle is the agent, and the 
crystalline lens the anatomical structure acted upon by it, in the 
fwoduction of accommodation, ia the fact tliat wliatever paralyses 
the ciliary muscle, by paralysing the motive power, stops the faculty 
'-' accommodatioii ; while the displacement or absence of thu 

— P*) « 



82 THK OPTICAL MANUAL. 

ciystalline lens on which the ciliary muscle acts, equally aireetB the 
faculty of accommodation. The use of atropine, and conditions (A 
disease interfering with the nervous supply to the ciliazy nmade hj 
the third pair of nerves, stop the faculty of accommodation ; it is 
equally arrested by removal of the crystalline lens in the operation 
for cataract, or by its dislocation from accidental injury. 

It is supposed by some that the circular fibres of the dliair 
muscle, contracting in the manner of a sphincter, exert throusn 
the medium of the ciliary processes and the unyielding fluid in we 
canal of Petit a pressure on the equatorial circumference of the 
lens, and thus cause it to change its form for accommodation ; while 
my former colleague, Inspector-Oeneral Dr. Macdonald, R.N., has 
demonstrated an accessorv annular muscle within the circular sinus, 
or canal of Schlemm, which may well be associated in this action. 
Although doubts still exist among many observers as to the precise 
mode of action of the ciliary muscle on the crystalline lens — some, 
indeed, believing that the contraction of the ciliary muscle induces 
an alteration in the tension of the Zonula Zinnii, and relaxes the 
capsule of the lens so as to permit the lens itself to expand by virtue 
of its elasticity, —yet there are none who any longer doubt that the 
changes of accommodation depend on changes of form in the crystal- 
line lens, and few that these changes are principally due to the 
action of the ciliary muscle upon it. 

Power of Aocoxnxnodatlon. — The total power of accommodation 
corresponds with the degree in which the function of accommodation 
can be exercised, or, in other words, with the amount to which the 
eye is able to increase its refractive quality. The complete amount 
of power of accommodation is represented by the accommodation 
employed when the near point of distinct vision is obtained. As 
the position of the near point of distinct vision depends on the 
accommodatory power being exerted to its fullest amount, this near 
point also furnishes an index to the limit of the power of accom- 
modation. 

Expression of Power of Aooomxnodation. — ^The power of accom- 
modation exerted in order to obtain distinct vision at the nearest 
point at which an eye is capable of seeing objects clearly may be 
measured and expressed by the power of a converging lens, which, 
on being placed before the eye, will give clear vision at the same 
distance without the eye exerting any accommodatory power at all. 
If an eye be emmetropic, the stationary refractive power of its 
dioptric system is such that parallel rays of light proceeding from 
objects at infinite distance are brought to a focus on the retina, and 
while no accommodation is employ^, it can only bring such rays to 
a focus at the plane of the retma as have a parallel direction with 
each other when they fall on the eye. It is evident, then, that a 
lens added to it which will represent the additional refractive power 
that the eye can obtain by bringing into play the whole of its accom- 
modation, must be such a lens as will cause the ra3rs of light 
proceeding from objects at the distance of the nearest point of 
distinct vision of the eye, after passing through the lens, to impinge 
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on the eye as parallel rays. The eye otherwise would not be able to 
bring the rays to a focus on the retina. The iirincipal focus of thie 
leuH must therefore be at the same distance as that of the nearest 
point at which clear vision can be obtained. The rays starting from 
this near point, or, in other words, from the principal focus of the 
lens employed, will then be rendered parallel when they reach the 
eye. If, for example, an emmetrcpic eye caii obtain by the full 
exertion of it* accommodatory power, clear vision of objects at a 
distance of 4 inches, or one-t«nth of a. metre from itself, tlien, 
without any aoeommodation being eserted, a + 4-iuch or + 10 B 
lens, whose principal focus is at the same diaiance, will effect the 
same result This lens, therefore, will represent and give the 
meaeure of the full amount of accommodation poesessed by the eye 
under consideration. If the duodecimal or inch system of notation 
be employed, the power of the lens representing the measure of the 
accommodation exerted will be i ; if the metrical system be 
employed, the power of the lens representing the measure of the 
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modatioH will be + 10 D. 

kaore of Power of Accommodation. — It )s constantly' a matter 
of importance in ophthalmic examinations to determine and define 
Ijie amount of power required for adapting vision from an object at 
some known distance to another object at some known nearness, and 
Frofessor Dondera gave the following formula by which it can be 
^^i^4jly found and expressed :— 

^^^H^ this formula R is the measure of distance of the remote point 
^^^ffwhich the eye is primarily adjusted, whether expressed in inches 
OT'parta of a metre ; P is the measure of the nearest or proximate 
I point for which the eye becomes adjusted when accommodation is 
I] exerted ; A is the food distance of a convex lens which would so 
lessen the divergency of the rays coming from the proximate point 
P, that they would follow the same path, after passing through the 
lens, as waa followed by the rays comjng from the remote pomt E, 
without the lens ; and 7 is the power of this lens. It is obvious 
that the eye in transferring vision from any remote point, R, to any 
near point, P, must bo alter its focal adjuBtment as t<i act on the 
more divergent rays from P exactly in the manner attiibuted to the 
Aupposed lens A, and must exert a power of accommodation equiva- 
lent to J. i therefore represents and expresses the difference in the 
accommodation required for vision at P as compared with thjtt 
required for vision at R. 

Thus, to i^ply the formula to the example above given of an 
emmetropic eye adjusted for infinite distance in a state of rest, and 
capable of altering its focal adjustment by the exercise of accommo- 
dation, BO as to see dearly small objects as near as 4 inches : 
i^J — i^J^, or the power of accommodation will be equal to ^. 
^^2utt>@i^ words, the eye, in altering its adjustment from clear visiau 
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at infinite distance, when no aocommodatory exertion was required, 
to vision at a distance of 4 inches, has used aooommodatiou, or, in 
other words, has increased its refractive power to an extent equiva- 
lent to a lens of I" power, or of a lens whose principal focal distance 
is at a distance of 4 inches from its centre. Thus when the positioii 
of the near point of distinct vision in an emmetropic eye is found, 
the total amount of Ac is also found. In the same eye, if vision 
be transferred from an object placed at 20 inches distance to another 
object only 10 inches off, the formula shows that the amount of Ac. 
employed in the proceeding, or ^, ^ -j*^ — 1^ = 1^* 

In a myopic eye, whose farthest point of distinct vision in a state 
of rest is 12", and whose nearest point of distinct vision by the 
exercise of accommodation is 3", ^ = ^ — -^ = ^, or the total 

power of accommodation is equal to ^. In other words, this eye, in 
altering its adjustment for vision at a distance of 12 inches to vision 
at the nearer distance of 3 inches, has increased its refractive power 
to an extent exactly equal to the emmetropic eye quoted in the 
previous paragraph, which transferred its vision from an object 
at infinite distance to another at 4 inches distance, viz., to au extent 
equivalent to that of a lens of ^^ power, or of a lens whose focal 
distance is 4 inches. In each case the power of accommodation 
exerted is J, or + 10 D. 

To determine the amount of Aa for a hypermetropic eye, the 
total amount of H., or refi*active deficiency, must be first found, and 
subsequently, the position of the near point of distinct vision when 
H. is corrected. Tlie lens which corrects H., added to the lens 
whose princii)al focus is at the same distance as that of the near 
fK>int, gives the total amount of Ac. Thus if H. := — ^, the 
correcting lens will be -h J^, or a + 20" lens, and if the near point 
when this lens is in use oe at 20 inches distance, an equivalent 
+ ^y lens must be added, and ;| = ^ + ^ = y\j. A convex lens 

of 10" focus represents the Ac. necessary for obtaining a near 
point of distinct vision at 20 inches distance for an eye that is 
nypermetropic ^. 

When the metrical system is used for expressing power of accom- 
modation, instead of the formula x ^ ^ ~~ b* ^^ formula Aa 
:= pD — rT> will furnish the refractive power of the equivalent 
lens. Thus in the examples above given, as regards the emmetropic 
eye, in the first instance Ac. •=• lOD — qd = lOD, in the second 
instance, Ac. =:4D — 2D = 2D; as regards the myopic eye, 
Ac. = 13-33 D - 3*33 D = 10 D ; as regards the hypermetropic 
eye, Ac. = 2 D + 2 D = 4 D. 

Influence of Agre on Acoommodatiou. — The power of accommoda- 
tion is similar in all eyes that are healthy in condition, whatever 
may be their refractive qualities, at corres|X)ndiiiff periods of life. 

Beflrion of Aocommodation. — ^The range, or latitude, or region of 
accommodation, siipifies the particular tract over which an eye can 
see clearly, extending from the most distant to the most near point 
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rf outuict vision ; or, in other words, comprehends the space betweeii 
the diatajit point of rfifltinut viHimi and the near ])oint of distinct 
vision throughout whi<:h an eye can adjust itself so as to obtain cleiir 
imag«8 of obJBctB. As shown in the preceding paragrajih, an equal 
power of accommodation may be exerted over radons which vary 
very greatly in regard to position and extent <^ space. In the firat 
example a power of accommodation equal to a. 4-iiich lena is 
OMDciated with a region of ricconunodation which eiteuda from 
infinite distance to a near point at 4 inches distance from the eye. 
In the second example the same power of accommodation eiurts 
with a much more limited region of accommodation, viz., one whose 
limits are between a distant point of 12" from the eye and a. near 
point of distinct vision at 3 from the eye,^that la, a region of 
9 inchea 

Although, as idready stated, the potnr of accommodation is alike 
ill all eyes of healthy condition at corresponding ages, the region of 
accommodation differs at corresponding ages in different eyes, 
according as they ftre emmetropic, myopic, or hypermetropic. 

Aaaoaiation of tbs InteniAl Saati and CiUsry UtiBolea in Aooom- 
Baedatlou.— When an object situated in a plane midway between 
the two eyes, and at a short distance in front of them, is looked at, 
the two infernal recti muscles, in giving the necessary direction ti, 
the two eyes for the visual lines to meet in the object, act coucur- 
rmtly with the ciliary muscles in their action for obtaining the 
amount of accommodation which is required to secure accurate 
Tision of the object at the distance at which it is placed. Clear and 
dkembarrassed vision of a near object can only naturally be ob- 
tained when the functions of convergence and accommodation are 
ia due harmony. There is no reason for beUeving that the internal 
s:^»ight muscles have any specific influence on the production of 
iooommoUation, nor any inflAience beyond what results from theii' 
notion in bringing the eyes into a favourable jiosition for receiving 
the diverging rays proceeding from near objects, or, in otlier words, 
for effecting a ri^t direction of the visual lines. 

When the internal sti^ght muscles are put into a condition of 
great tension for effecting a high degree of convergence they may, 
perbaiiB, act as a poiiu iTappui, as it were, on which to base greater 
effitrts on the part of the ciliary apparatus, and in this way they 
may lead to an increased amount of accoajmodatjou and to clearer 
images being obtained of the near objects under view. The general 
action, however, of the internal recti muscles, as reganla accommo- 
dation, is an associated, not a controlling one. The extent to which 
the two functions are employed iu their associated action ia 
liable to variations. When the two eyes are directed to a small 
object at a fixed distance, and the object ia seen clearly, under 
Iiormal conditions the convergence and the Ac may be assumed tii 
be in precisely due proportion. But when two prisms of small 
refracting angles are placed before the eyes in the manner described 

fja (see Prisma), the object may still be seen with precision, 
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unchanged. On the other hand, while looking at the same objectf 
if instead of the prisms weak + or — glasses within certain limits 
are placed before the eyes, the object may still be seen clearly, so 
that now while the degree of conveivence is unaltered, the amount 
of Ac. is changed. The Ac. relatively to the convergence is, there- 
fore, not a constant quantity, and the relations between the two 
functions are found to differ in different persons. As, however, the 
convergence of the eyes increases in proportion as the object 
required to be seen is brought nearer to them, and the demand 
upon the acconimodatoiy mxiscle must also increase at the same 
time, the actions of the internal recti and of the ciliary muscles are 
under normal conditions of necessity intimately and, for the most 
mrt, are alniOHt i)roportionateIy associated. It is essential that the 
lactH of the intimate association of these two functions when thej 
are free to luit in concert, and of the difficulty of converging the 
eyea without the accommodatory force associated with the degree of 
convergence concerned being involuntarily called into action, ahoold 
be fully recognised, for they explain many phenomena in visual 
duiguoHis which without this knowledge would not be understood. 

If, under any circumstances, the correlation between the action of 
the ciliary muscles in accommodation and the action of the intemi 
recti in convergence, be very largely disturbed, a painful and almost 
intolerable sense of strain is experienced as the result. This has 
been illustrated experimentally by Mr. Brudenell Carter in a very 
simple manner. Let a young pei-son with emmetropic eyes put on 
convex Hpectacles of five dioptrics and attempt to read with them. 
Tlie strain and tension of the eyes will soon become unbearable. 
He will bo very nearly in the same condition as a person havinff 
myopia of five dioptrics who is reading at his distant point <n 
distinct vision. He will be converging to a point at 8 inches dis- 
tance, while there will be no demand for the exercise of accommo- 
dation. In the myope, his amount of myopia takes the place of 
accommodation at the distance named ; the convex glasses repla^ 
it in the case of the emmetrope. On this Mr. Carter observes : " It 
may be shown by a simple experiment that this strain is not due to 
the convergence effort per se, but solely to the fact that the con- 
vergence effort is made during repose of the! accommodation. If 
we combine with the convex lenses prisms with their bases inwards, 
of sufficient power to rest the convergence as well as the accommo- 
dation, readmg immediately becomes easy. If we then give the 
same person concave spectacles, such that he is able to overcome 
them b^ accommodation, and bid him look at the horizon, the strain 
upon his eyes will again become unbearable. He will be exercising 
a good deal of his accommodation to overcome the glasses, but he 
wUl be exercising no convergence, because the distance of the object 
of vision requires that, for the sake of fusion, he should keep his 
visual lines jiarallel. We may relieve the strain instantly by placing 
before the concave lenses prisms witli their bases outwards, which 
will call for a convergence effort in addition to the accommodation 
effort ; so that we create strain by causing either function to be 



FRSSBTOPIC YlSIOlf. 



87. 



performed siiiff ly, and we relieve strain either by placiuff both at 
rest or by calBag both into play." ("On Defects of Vision, &c," 
LonA, 1877, p. 138.) 

Prbsbtopia. 

Definition. — ^Vision of advanced age, characterised by being" 
obficure for small objects at near distances. Diminished ran^e of 
accommodation due to increase of age. The absolute ** near point". 
of distinct vision is removed further than 8 inches from the eye, 
while rays from distant objects are still brought to a focus upon the 
retina, in the same way as they would be irrespective of the Pr. 

Optical Conditions. — There is no defect as to the stationary 
refractive quality of the eye or, in other words, of the eye in its 
state of repose in simple presbyopia ; it may be emmetropic, and 
neither concave nor convex lenses improve the sight for distant 
objecta But the necessary change of lorm of the crystalline lens 
cannot be obtained ; or, in other words, the refractive power of the 
dioptric media of the eye cannot be increased by the exercise of 
accommodation to the extent necessary for bringing the more 
divergent rays from very near objects to a focus on the bacillar 
layer of the retina. 

. Oavaes. — Natural changes from age. The near point recedes in 
all eyes in regular progression with increasing age ; the change is a 
nonnal one, and advances with advancing vears. The recession of 
the near point commences early in life. The following table shows 
the decrease which takes place in the power of accommodation at 
various periods between 10 and 75 years of a^e expressed in 
dioptrics, and the recedeuce of the near point of distinct vision at 
corresponding periods of life shown in English inches. 

Table showing the diminution in power of accommodation, and 
the corresponding changes in the distance of the near point of 
distinct vision, as years advance. (From Donders, but converted 
into Dioptrics and English inches.) 
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Dioptrics. 


English inches. 
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10 


14 


2*85 




15 


12 


3*33 




20 


10 


4 




25 


8-60 


4-70 




80 


7 


6 




35 


5-50 


7*33 




40 


4-50 


9 




45 


3-50 


11*50 




50 


2-50 


16 




55 


1-75 


23 




60 


1 


40 




65 


0-75 


53 




70 


0-25 


160 




75 
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This recession of the near point is solely attributable to dimination 
in accommodatory power. As already explained, exertion of this 
faculty is called tor in proportion to proximity of objects or diver- 
gence of rays. The gradual decrease of this faculty seems to be due 
to the crystalline lens becoming more and more firm with increasing 
years, so that the same amount of alteration in its form cannot 
occur. It is doubtful whether changes in the structure and cur- 
vature of the cornea may not also assist in causing the difficulty of 
adapting the eye for near vision. 

From, the explanation just given of the nature and causes of 
presbyopia, it is evident that not only when an eye is emmetropic, 
or h^Tpermetropic, but also if it be myopic, it may equally become 
subject to presbyopia from age. Whenever the actual near point ci 
distinct vision becomes removed further than 8" from the eye, pres- 
byopia has arrived. 

Abnormal or False Presbyopia. — Diseased conditions, such as 
interferences with the elasticity of the lens capsule by posterior 
Cfynechiae after iritis, morbid changes in the structure of the capsule 
of the crystalline lens or lens itself, paralysis, complete or partial, 
of the ciliary muscle, and any diseases inducing great constitutional 
debility, may increase the presbyopic condition temporarily or 
induce symptoms similar to those of presbyopia. Presbyopic vision 
resulting from these causes should oe regarded as abnormal, and 
distinguished from True Presbyopia, the result of normal changes 
ftxjm advancing years or old age. 

Symptoms. — Normal Presbyopia is not usually complained of by 
persons with emmetropic vision till after 40 years of age, generally 
not tiU 46 years. The degree of complaint will vary according to 
the size of the objects the subject of presbyopia habitually deals 
with. The presbyope says that, though he can see as well as 
formerly at a distance, he finds it troumesome, or even painful, to 
try and recognize small objects near him. In reading he has to 
remove the print farther and farther from his eye. Then, on 
account of the distance he has to hold the print, he cannot see the 
words accurately. 

The difficulty is greater in the evening with artificial li^ht than 
during the daytime with sunlight, and he sees best when he holds 
a candle or lamp close to the page of the book he is looking at. 

The decrease in that perfect transparency of the principal dioptric 
media which characterises healthy eyes in the earlier period of life 
that takes place as age advances, and the haziness with more or less 
tinge of colour in them when age is far advanced, prevents ordinary 
sources of light from giving the full amount of contrast between the 
white and black parts of a printed page, or between the lights and 
shadows of othei' objects, and thus prevents the images of the 
objects themselves from being impressed on the retina with the 
same vividness as in former earlier years of life. This condition, 
together with the distance at which small objects have to be held, 
and, consequently, the lessened amount of light reflected from them 
at such a distance, combine to explain the difficulty old persons meet 
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witli ill reading or doing fine work, without the assistance of n, 
strong light iipoa the objects in Tiew. One advaiitjtge in the 
corTBction of Pr, is that the need for auch a strong light ia confiider- 
ably lessened, becanse, after correction, the jxint or other small 
objects can be seen clearly when ihey are lirought near to the 
eye& 

The nearest point of distinct vision can only be attniiied by 
extreme exertion of the ciliary apparatus, and. when this state 
of tension is produced, it quickly causea fatigue. It is to obviate 
this annoyance that objects are removed further off than the actual 
near point, but then, if the objecta are very small, their retinal 
iinagea become too miauls, and the light emitted by them ton 
diffuse and too diminiahed for eHsy recognition. The objects are 
again brought nearer to the eye, the ciliary strain is again induced, 
tmd this course, on being persevered in, gives rise to ocular aching, 
snpttr-ciliary [lain, headache, and vertigo, until at last, a atop is put 
to the power of doing tlie fine description of work the patient is 
engaged in, 

Dlagnoala. — The age of the patient, with the usual evidences 
of the adjustment of the eve for parallel rays if the patient be 
emmetropic, as explained under emmetropia, and the distance cf the 
nea* jjoint, sufficiently distinguish presbyopia from any other 
affection. When either myopia or hypermetropia co-esists with 
presbyopi.i, there will be the evideuces already described of these 
oooditions in addition to the fact of the near point of distinct visicn 
being distant beyond 8'' from the eye. 

To Detarmino tha DeKiea o( PreBbyopla. — As presbyopia is 
generally held, in accordance with the hmit laid down by Professor 
Donders, to exist when the near iwint under binocular vision haa 
receded beyond 8" from the eye, the degree of presbyopia is deter- 
mined by finding tlie focal power of the convex leus which will 
brmg back the near point to 8". 

The amount of Pr. is the amount of the accommodatory power 
irhich baa been lost from tliat which previously enabled the peraon 
to work continuously at fine work at 8" distance from the eye with- 
Ont strain or fatigue, relatively to the remainder which now only 
admits of clear vision at eorae distance beyond 8". The convex lena 
which will BO add to the refractive jiower of the eye as to bring back 
the neai' point to 8" substitutes itaelf for the accommodatory power 
wliich has disappeared from the eye itself, and therefore serves as 
an expression for the missing power, or, in other words, for the 
degree of presbyopia. 

The refracting value of the required lens is found by using the 
formula which him been already explained as serving for an eipres- 
aion of power or latitude of accommodation, viz., ^ ^ ^ — r- It 
may ei^ually be found, according to metric notation, by tha 
formula Ac.^=pD—rD. As ^, or Ac., at the same time signi- 
fiee the missing latitude of accommodation, Pr. may be substituted 
^Jl^it ; ao that ^ or Pr. = ^ - ^ or ^ D - rD. The prosimatftj 
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point P, or pT>, is here 8", or 5 D, because that is the near point for 
which a substitute for the missing accommodation is to be supplied, 
and to which the refractive power of the eye is to be adjusted. 

The remote point, R, is tne distance, to which the near point has 
receded owing to presbyopia, or the distance up to which accommo- 
dation is missing. 

Examples. — Suppose the near point has receded to 12" distance 

from the eye ; then Pr. = J -- Vff = A» ^^ ^ ^ - ^'^ ^ = ^"^ ^ 
(24-09" Eng.) If it lias receded to 24" distance, then Pr. = ^ - ^ = 
^^j, or 5 D - 1-66 D = 334 D (11-97" Eng.). 

To Betermine the Correotlnsr I^ens. — The same formula that deter- 
mines the amount of accommodatory power which is missing, deter- 
mines the focal power of the lens which must be added to the eye 
to act as a substitute for it. Thus in the example first given, in 
which the Pr. = ■J'^, a + 24" lens, or a lens of 1-66 JD, will neutralise 
the presbyopia ; in the second example a + 12" or 3*34 D lens. 
With the aid of the lenses named, the presbyopic -^ and -^ patients 
will be jiljle to do fine work at 8" distance from the eye as if the 
near point of distinct vision of the eye itself were at 8" distance. 

Power and Ban^e of Acoommodation in Presbyopia. — The power 
and range of iiccommodation of the presbyopic eye diminish in 
proportion a.s the presbyopia increases, or, in other words, in pro- 
portion as accommodation for near objects is lost. Thus in the 
emmetropic person whose remote point of distinct vision is at 
infinite distance, at 10 years of age tne jx>wer of accommodation is 
,4 -i = i^ or 14 D, at 20 years is i- ^ = i, or 10 D; at 3U yeais 
1-^ — 1 or 7 D . at 40 years J-^ = |, or 4T>0 D ; at 60 years 

^--^, or ^\, or 2-50D ; at 60 is Jj^-^ or :j\y, or 1 D ; and at 75 is 
0. The |X)wer of accommodation is thus shown to be considerably 
lessened as age advances. While the boy of 10 years of age can 
increase his ocular refractive power to the amount of 14 dioptrics, 
the man of 30 can only increase it to 6, of 40 to 9 dioptrics, 
while at 75 the jwwer of increasing refraction, or the accommo- 
datory power, has disappeared altogether. 

Presbyopia with Myopia. — As the power of accommodation is 
alike in all eyes at corresponding ages, and as the distant point of 
distinct vision is nearer to the myopic eye than it is to the emme- 
tropic eye, it follows that the near point of distinct vision will be 
nearer to the myopic eye than it is to the emmetropic eye at corre- 
sponding ages of life. The near point will not recede beyond 8" so 
soon in the myopic person as in the emmetropic person, or, in other 
words, presbyopia will appear later in life in the mvopic person than 
in the person with emmetropic vision. Moreover, the presbyopia can 
only occur in myopic persons whose myopia is moderate in degree. If 
the myopia amount to Uh, or 5 dioptrics, presbyopia can never occur ; 
for the (listant point of distinct vision being at 8" distance from the 
eye, so long as any power of accommodation remains, the near point 
cannot be removed so far as a distance of 8" from the eye ; and 
even when all accommodatory power disappears or is lost, whether 
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naturally or by atropJH paralysis, the near and distant point of 
distinct risioD will merely coiueiilu at a dialuuce of B mches 
from llie uye. Still less can a person whose myopia iH higher thtui 
Jth, or 5 D, beoome presbyopic. 

If the myopia be moderate in amount, then, aa age advances, the 
near point may recede beyond 8" ; and in such a caae the myopia 
will require to be corrected by concave lenses to enable the persMi 
to see distant objects clearly, while at the same time the presbyopia 
will have to be corrected by convex lenses to make up for the 
deficiency of accommodation for seeing small objects at near 
dietauces. 

PiasbTopta with HTpermetropla — As in the hypermetropic eye 
the diatant point of ilistinot vision is negative, and iniinite rays 
require a, certain amount of convergence to be impart^ to them, in 
order that they may be brought t« a focus on the retina, the Ac. i^ 
trenched npon for affording this required convergence. The H. is 
thus not immediately apparent ; it la covered by the Ac. which it 
borrows, aa it were, from use for near objects in order to obtain 
clear vision of distant objects. The H. thus becomes concealed or 'h 
latOBt. If the H. is very moderate in amount, and the subject is young 
SO that Ac is in abundance, tlie existence of H. may readily t« 
overlooked. The amount of Ac. which is bon'owed for the servioe 
li the H. in aupplyiug the refractive deficiency haa, under such cir- 
cgmstances, very little effect ou the position of the near point in 
EB^eot to change of its actual distance, and this change may readily, 
tbnefore, escape notice. If a young person who is emmetropic can 
exot Ac. equivalent to a convex lens of 12 D, the near point of 
dudnct vision will be 3^ inches from the eye ; if the Ac be lessened 
.by 1 D the near point will only recede to about 31 inches ; aud if 
iMsened by 2 D to 4 indies, differences which would be too slight to 
be noticed. If the Ac. were completely removed, as by atropia 
paralysiH of the cihary muscle, the U. would be readily detected, for 
a-anitable convei lens would improve distant vision. But without 
thia being done, the H. may be unnoticed until an advanced period 
of life. 

I^ however, the H. be considerable in amount, the early 
.lecadence of the near point of distinct vision, or early oocurrence 
TOi Pr., will sufficiently prove its existence. As the ctiataiit point of 
idistiiict vision in tlie hypemietrope is, as it were, further from the 
eye than it is in the emmetropic eye, while the power of accommo- 
.dwlicia is the same at the same ages in both, it follows that, under 
ftU ordinary conditions, the near point of distinct vision will be 
further removed from the hypermetropic eye than it is from the 
.emmetropic eye at w)rreH])ondiiig ages of life. If the H. be exces- 
aire, the near point will be beyond 8" very much sooner in the 
hypermetropic person than in the emmetropic person, and Pr. will 
ocour proportionally earlier in life in such a hypermetrope than 
it does in the emmetrope. This rapid occurrence of Pr. at once 
„ _a association with H. When presbyopia is under these cir- 
tances fully established the hypermetropia will require to Ife 
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corrected by a efuitable convex lens to secure clear yisian of distant 
objects, while the presbyopia will have to be corrected by a lens of 
still greater converging power — one that will not only coirect the 
general deficiency of refractive power of the eye, or the hyper- 
metropia, but that will also make up for the loss of aocommodatory 
power so as to enable the eye to deal without inconvenience with 
small objects at a near distance from the eye. 
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On Impaired Vision due to Strabismus and on Defects of Oolcmr- 
sense. — It will be advantageous to describe in this chapter two 
defective ocular conditions, each of which exerts a special uifluence 
on quality of vision, viz., strabismus and achromotopsia. The 
former, if it exist to such an extent as to impair the power of sight 
necessary for the duties of a soldier, is at once seen in the ordinary 
examination of a recruit, but gives rise to subjects of special con? 
sideration when it occurs in enlisted men in the ranks ; while the 
latter, though of leas general importance in the army than it is in 
the navy, gives rise to grave difficulties in respect to some particular 
duties which soldiei's may be called upon to discharge in military 
service. 

STRABISMUa 

Definition. — Squint. Abnormal obliquity of the optic axis in one 
or both eyes. Malposition of the two eyes relatively to each other 
of such a kind that the directions of tiieir optic axes are not in 
mutual accord. The visual lines do not meet together at the 
distance at which a given object is looked at, and true binocolar 
vision is consequently unattamable by persons afifected with stra- 
bismus. 

Various Forms of Strabismus. — ^Two distinct forms of stra- 
bismus, due to different causes, are met with ; one functional, 
depending directly upon irregular muscular action, originating in, or 
accompanying, anomalous states of refraction, or impaired vision of 
one or both eyes, and generally distinmiished by the name of ** con- 
comitant strabismus," from the squmting eye accompanying the 
normal eye in all its movements ; the other pathological, produced 
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1>T liartial or complete paralysis of one or more eitenial muscleH nf 
the eyelmli. or due to pressure from cauaea existing within tlie orbit. 
Tn the first of these two kinds of atrabismua all the raiuwlea act. 
b'lt the normal ooncert of action is not maintained in binocular 
TiBion ; in the second, the morementa of oue or more of the muscles 
are impeded, or entirely arrested. The term "strabismus" ia em 
ploved by many persons to designate only the former kind, or true 
concomitant strabismus ; absence of concordance in the visual axes 
frfim defective innervation or complete paralysis being classed under 
other headings, such as paralysis of the special ocular muscle or 
moscles affected, or diplopia. 

DlrscUon of Deviation In BUabiainua Strabismus is commotily 

either eoavergaiU, the squinting eye being turned toward the median 
line ; or divergent, being turned outwards. The deviation may, 
however, be upwards or downwards, though it is rarely bo. In cor- 
veigent and divergent Btrabiamiia, the retinal images of an object 
aiy separated laterally, but remain in the same horizontal plane ; in 
Uw other directions of deviation, they vary in altitude and inclina- 
tioa according sa the superior and inferior recti or oblique muscles 
are in<rolved. 

When the subject of convergent strabismus looks at an object 
one eye only is visually directed upon it, the other eye has its 
TiBual line directed inwards ; in the same way, when the subject of 
tUvergent strabismus looks at an object, one eye only ia directed 
toKsrd it, but the other eye has its visual line directed ouksards. 
Ia «ther case, while the sight is thus lixed upon the object, the 
deviation is limited to the eye which is turned inwards or out- 
mds. 

The deviation may only occur at intervals, or after occasions of 
lonp-contlnued employment of the eyes at near objects, and under 
oonditions of imusual ocular strain and fatigue, or general weak 
nfUB ; but although the occurrence of the deviation, or of the 
atrabismus, may thus vary, the direction in which the deviation 
takes place, when it does occur, will always be alike in the same 

Apparent St'-abiHmiu. — A condition which simulates strabismus 
is sometimes noticeable, and is usually referred to under the uame 
of apparent »trabitmii«. It depends upon the angle formed by the 
meeting of tiie visual line with the line of the optic axis at their 
point of intersection within tlie eye, (See Visual Axis, p, 3.) 
The relative positions of the two eyas, as elsewhere mentiouM, are 
judged of by observing the relative positions of the centres of the 
two comeie with respect to each other and to the middle of the 
palpebral opening. When two emmetropic eyes are regarding a 
distant object, the visual lines of the eyes are practically parallel, 
and, as these lines pass a little internal to the centres of the comeie, 
it follows that the centres of the comesa must be turned a little 
outwards in respect to the middle of the palpebral apertures. In 
emmetropic eyes this divergence or apparent strabismus, is so slight 
^'p.be hardly DbBerval^evAftovcli^ inspection.. Tiu divet: 
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IB, however, increajsed in hypermetropic eyes, as the angle formed hf 
the meeting of the optic axis and visiial line is greater, and the 
apparent strabismufi hiecomes all the more marked. In myopic ej^ 
this angle is lessened, and the visual line may even change position 
and pass outside of the optic axis, when the appearance of strabismiu 
may be presented, but with a convergent mstead of a diveigent 
direction. 

Images of Objects in OonTergent and DiTergent Strabisiiiiis. — 
In convergent strabismus the two images of an object are formed 
on the corresponding retinae ; that which appears on the right side 
belongs to the right retina ; that on the left side belongs to the left 
retina. In diverge^it strabismus the images are crossed and formed 
on the opposite retinae ; that which appears on the right side belcmfis 
to the left retina, that on the left side to the right retina. The 
relative positions of the images of an object in some instances of 
diplopia depending on slight degrees of muscular inefficiency, in 
which the deviation is so limited as to be hardly noticeable by 
ordinary observation, are almost the only means by which a surgeon 
is enabled to decide what particular muscle or muscles are aJQected. 
Their respective situations in relation to the two eyes will be 
rendered obvious to the patient at once if the two images are seen 
by him under different colours, as may be effected by causing the 
patient to look with one eye through stained glass. If the deviation 
be horizontal, and the images are homonymous, there is oon- 
vergent displacement, and the external rectus muscle is affected ; if 
crossed, there is divergent displacement, and the internal rectos 
muscle is affected. 

The frequent associations of convergent strabismus with hyper- 
metropia, and of divergent strabismus with myopia, have been 
already remarked on in uie sections on these refractive conditions. 

Ooncomitant Strabismus. — Concomitant strabismus may be only 
occasional, or it may be persistent. The deviation may alternate 
between the two eyes, each in turn being capable of directing its 
visual line on the* object while the other deviates ; or one, or both 
eyes, may be permanently displaced. When the deviation alter- 
nates between the two eyes, the amount of deviation in the right 
eye when the visual line of the left eye is directed upon the object 
looked at will be equal to that of the deviation in the left eye, wnen 
the macula lutea of the right eye is in line with the object. 

In the strabismus of muscular paralysis the loss of power of the 
eye to move in the line of impaired, or lost, action of the paralysed 
muscles and the deviation in the opposite direction are constant. 

When the strabismus exists only to a moderate amount, and the 
diviation is limited to one eye, it is sometimes not easy of detection 
so long as the two eyes are observed together. But it may usually 
be readilv demonstrated, if the retinal functions of the two eyes are 

S reserved, in the following way. The person under observation is 
irected to regard an objed; at the distance of a few feet in front of 
him. Each eye is then alternately covered by the hand of the 
observer. When the eye whose visual line is directed to the object 
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^ covered, the squinting eye may be noticed at once to change ita 

C'lioiL It will BBBume a, direction which will bring it visually in 
with the object ; and equally, on again uncovering the other 
eye, it will recede from the new to its former place. 

Diplopia. — Whenever the physiological himnoay of the visnal 
lines in interfered with in binocular vision, as happens with strabis- 
mna, the discord necessary causes the formation of double retinal 
images, but does not necessarily cause diplopia, or double viaion. 

Diplopia does not exist in the large majority of cases of conco- 
mitaikt strabismus, but is constantly found in strabiBmua due to 
paralysis, or partial incfB^ieucy of one or more of the ocular 
muBcIeii. 

There are several reasons why the subject of coiicoroitant strabis- 
mua can avoid taking note of the iMage m the displaced eye, while 
the subject of paralytic strabismus is unable to do so. tn the 
former, the eye whose visual line is properly directed on the object 
haa its image formed on the maciua lutea, and it is of course 
relatively sharp and distinct ; while the image in the displaced eye 
IB pictured on a part of the retina away from the macula lutea, and 
t^ therefore, more or lees confused and indistinci The relative 
displacement of the two eyes, or the strabismSl angle, remains 
constant, for in concomitant sti^bismus there is no utte^erence with 
the range of the muscular movements of the globe of the eye, as in 
puKlytic BtrabismuB, but only with tiie position of the nnge over 
wluiih the movements talce place. In consequence, the indit<ti(ict 
inw on the retina of the displaced eye is always formed in a fixed 
pare of the retina ; just as much so as the eharp image is formed on 
uie macula lutcu of the normally directed eye. The power and habit 
df ignoring it are thus more readily acquired by the subject of 

rioomitant strabismus in the efforts which he instinctively makes 
rid himself of the trouUes of double vision. Tlie retinal seiiat' 
tivenesB of the part whei'e the imperfect or spectral image occurs 
becomes lessened from disuse, and the sU]ipresBion of mental 
attention to the image becomes stiU more easily and fidly established. 
On the other band, in strabismus due to pai^ysis of one or mure 
mnsdes, the relative positions of the two iretiniB are constantly 
changing as objects in different positions are looked at, and corre- 
sponding changes constantly occur in the situations of the retinal 
images. If, for example, the external rectus of one eye be paralysed, 
causing a certain amount of inward deviation of this eye, as the 
BOond eye turns inwards, or in a dirediou towai'd the paralysed 
muscle of the deviated e^e, the strabismus is rendered more and 
more obvious — the strabismal angle becomes greater, and the 
distance of separatibn of the double images in the two eyes is 
increased. Tn the opposite direction the two eyes in the case 
supposed will act more in concert as the internal straight musdes 
have not lost their integrity, and at a certain point the visual lines 
may even both centre in the object, and the diplopia disappear. The 
strabismus is thus seen not to be constant, as it is in concomitant 
straMamuB, but varies according to the position of the object looked 
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at, and consequently the position of the imaffe in the displaced eye 
is equally shifting and inconstant. There is little to interfere with 
the retina retaining its normal sensitiveness over its wh(^ area, 
and under these circumstances the strabismal subject finds himself 
unable to suppress perception of the second image when it occurs. 

When concomitant strabismus occiurs in very early life, the sup- 
pression of the images in the squinting eye seems to take place with 
the utmost facility, amblyopia is established, and if the strabismus 
be not rectified, the retinal sensitiveness becomes lost beyond 
recovery. 

Diplopia, due to slight muscular paralysis, may be noticed by a 
patient before strabismus is visible to an observer. The amount of 
diplopia may vary from haziness due to overlapping of the two 
images at varying distances, and may be evidenced by the difiiculty 
of co-ordinating the touch with the sight of objects as well as by 
the vertigo and other subjective symptoms to which diplopia usually 
leads. It two separate images are noticed, the sharper unage pro- 
duced on the macula lutea of the sound eye, and the weaker imaffe 
on the retina of the deviated eye, may be distinguished by the aid 
of the colour test elsewhere mentioned, if they are not otherwise 
recognisable ; and the recognition as soon as established will indi- 
cate not only which eye is disordered, but also the affected muscle 
or muscles. If two images of a bright object, as of a lighted candle, 
placed at a distance are seen, ana one image is coloured by IJm 
intervention of coloured glass before one of the patient's eyes, the 
patient will readily point out to the observer the situation of the 
image belon^g to the eve before which the coloured screen is placed 
and that belonging to tne other eye. The observer will at once see 
from the relative positions of the two images, in which of the patienVs 
eyes the true image is formed. The affected eye is thus miade 
known, and the situation of the displaced image, relatively to that 
of the true image whether it be to its right or left hand, or above or 
below, indicates the muscle or muscles which are at fault in thii 
eye. The displaced imace alwavs appears on the side opposite to 
the ocular deviation, so that if the images are homonymous, conve^ 
gent strabismus is shown to exist, while, if they are crossed, diver- 
gent strabismus is indicated. If, for example, it be the muscle con- 
cerned in convergence which is affected, say of the right eye, lead- 
ing to divergent displacement, the spectral image will be crossed to 
the left hand of the true image as seen bv the patient ; if it be the 
muscle of divergence which is affected, leaaiug to convergent 
displacement, the false image will be to the right side of the true 
image as seen by the patient and indicated by him to the observer. 

Diagnosis of Oonoomitant and Paral3rtic Strabismus. —The con- 
ditions already mentioned form sufiicient means of distinguishing 
between these two forms of strabismus, but one other difference 
between them which is useful for purposes of diagnosis, may be 
mentioned. The characte istics of concomitant strabismus, which 
have been already referred to, are : 1. The affected eye retains its 
natural range of movement^ but this range is displaced, the move- 
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ment does not toke place in the normal arc, tlie oye being aUe to 
turn more in one direction, oed less in the opposite direction, than 
the nonnai eye ; 2. The deriation of the affected eye, and the 
unoiuit of disagreement in direction of the Tisual lines of the two 
eyes, at whatever distance the object may be placed which is looked 
at by them, are constant ; and 3. The displaced, or B])ectral image, 
formed in the affected eye is mentally ignored, ao that diplopia doee 
not occur. On the other hand, in parRlytic strabismus, 1. The 
nsge of movement of the affected eye is always lessened in the 
diroction of the paralysed muscle ; 2. The amount of deviation of 
the affected eye, and of dissociation of the visual lines of the two 
ey«s, are not constant, but vary with the different directions of the 
etljecta toward whictt the patient turns hk eyes ; and 3. Diplopia 
anraya exists in the range of action of the guiralysed muscle, in all 
cases in which the retime retaiu their Hensihility. 

Iliere is another symptom by which the paralytic strabiainuR 
may be diatiugnJHhed from concomitant stnibismas. If, while the 
head remains fixed in position, the healthy eye be covered fay a 
diaphragm of frosted gtaas, at a time when the patient is looking 
towai^ an object, the <^ected eye will make a slight move, in order 
to try and adjust its visual line upon the object. This movement 
of the affected eye may be aeea to be uoconipacied by a, movement 
af the healthy covered eye, so that if the other is directed on the 
object, the covered eye becomes the squinting eye. In paralytic 
■trabiamua, this movement of the oovered sound eye exceeds in 
ntnt the niovenieut of the affected eye, because the slight move- 
lunt of the ftftei'ted eye owing to its detective innervation, requires 
a greater effort of tlie will to effect it, than it would if the innerva- 
ttoa were perfect. This tnoreaaed effort affecte the associated 
miHde of the sonnd eye, and so leads to a greater amount of move- 
Biant through its agency. The deviation of the affected eye is 
usually described ae the primarij deviation, the movement of the 
■nnd eye under the eircumat^ices named, as the lecondary devia- 
tion. On the other hand, in cOTtcomitant ttrabismue, mider similar 
dfcUiBstances, there is no difference in the extent of movement of 
tta two eyee. When the healthy eye ia covered, wliatever may be 
ttie distance to which the affected eye moves in order to direct ita 
vfanal line upon the object, the extent of the associated movement 
at tike covered eye will be precisely the same. The rule ia thna 
deduced that in all eases of paralytic strahiamus the eecondaty 
deviation exceeds the pranary deviation, while in concomitant 
■trabismns the two deviations are exactly equal. 

Xeaanre of Deviation in StrBbiamiu. — The lineal' measurement 
of the deviation of a squinting eye may be made in either of the 
following ways. Let the patient be directed to look at a distant 
Btationary object with both eyes free, and while he is doing so, 
mark with a dot of ink on the margin of the lower eyelid of the 
tgVfiMing we, the simt which would fall within a vertical line 
^-"' 1 the centre of the deviated cornea. Then close the 
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as before, mark a spot on the lower lid oorresponding with a 
vertical line drawn through the centre of the cornea in its new 
position. The distance measured between the first and second spot 
gives the linear measure of the deviation. Or, while the two eyes 
are open, a spot is marked on the margin of the lower lid of the 
9owna eye in line with the centre of the cornea. A spot is then 
marked on the border of the lower lid of the affected eve, whidi 
exactly corresponds in position with that of the spot placed opposite 
to the centre of the cornea of the sound eye. A second spot is then 
made to mark the situation of the centre of the cornea as it exists 
in the squinting eye. The distance which separates these two spots 
indicates the amount of displacement of the optic axis. The dis- 
tance between the two spots can be measured by an ordinary ti^ 
measure, graduated with sufficient fineness, but still more con- 
veniently by means of a strabismometer. (See p. 32.) 

Treatxnent of Strabisxnus. — Although in comparatively mild 
cases of paral3rtic strabismns, such as sometimes result from wor 
stitutional states — from syphilitic, rheumatic, or diphtheritic disease, 
for example — relief may often be effected by suitable remedies; 
and also in the milder forms of concomitant, or functional, strabis- 
mus, by the aid of prisms, in exercising and gradually strengthening 
the weaker muscles, and so enabling t£em to overcome' the 
stronger action of their opponents, together with correction of any 
abnormalities of refraction that may co-exist by appropriate lenses ; 
still, in the majority of cases, especially when the deviation is fully 
established, it only admits of cure, or palliation, by the operation oi 
tenotomy. The proper treatment of strabismus usually requires 
very close and accurate observation of each particular case con* 
cemed, and a consideration of the subject does not fall within the 
scope of this manual ; a description of the various proceedingi 
involved in it will be found in all systematic works on diseases ol 
the eye and their treatment. 

Influence of Strabismus as re^rards Military Service. — ^The diir 
figurement caused by well-marked strabismus, and the uncertainly 
it ffives rise to in others, as to the precise direction in which a man 
is looking, are sufficient reasons for rejecting a recruit seeking 
enlistment, but the most important objections are the monooular 
vision on the one hand, and the amblyopia on the other, with which 
concomitant souint is usually accompanied. Operative interference 
may remove tne disfigurement, but will not repair the amblyi^ia 
if it be of long standing. I have known a candidate for an army 
commission get the concomitant strabismus with which he had been 
affected from childhood, rectified by surgical operation, but a year 
afterwards, the amblyopia of the eye which nad been displaced 
remained without any apparent improvement Practically the 
influence of concomitant strabismus on aptitude for military service 
is settled by the ordinary tests for acuteness of vision. If the 
soldier can count the test-dots btf each eye in succession at the re- 
quired distance, although a slight amount of functional strabismus 
may be apparent, there is no sufficient cause for rejection : if the 
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teet-dots cannot be counted at the regulated diBtance, whether the 
impediment maj be owing to the refractive condition of the eye, or 
to amblyopia the result a( diauBe, the results aa regards the uiifit- 
nees of the candidate for military service in the ranks will be the 
BHiue. Ah regards a candidate for an officer's commiBsion there will 
be this ditTerence ; if the difficulty in the way of correcting the 
test-dots be dne to the ametropia only, he may overcome it by 
wearing suitable glasses ; if amblyopia from disuse exist in addition, 
no glames will rectify it so as to enable him to pass the required 

Paralytic strabismus is a sufficient cause for rejection of a recruit 
It ie therefore only likely to be met with after a soldier has been 
serving in the army, and, vrhen once it has occurred, it is usually a 
cause of the man being discharged from further service, owing to 
its liability to recur, even though it may appear to be only tempo- 
rary in its nature. In occasional cases, where it han been traceable 
to the effects of a slight attack of sunstroke in a tropical climate, it 
may disappear altogetlier on removal to a temperate station, but 
under many other conditions; when induced by morbid stat^ as 
syphilis and others, though it may be removed for a time by appro- 
p^at« treatment, there is no security a^inst the risk of its return. 
When paralytic strabismus is fully established, the attendant 
diplopia, and loss of ocular movement in the direi;tion of the 
paralysed muscle, and with it frequently part of the field of vision, 
as a matter of course, incapacitate a soldier for fui-ther military 
Benice. 

II. Colouk-Blindn^sb. 
Deflnition. — Imperfection, or total deficiency, of visual perception 
of one or more colours. The term dyichrirmotopiaa is employed to 
exanw dulness of the colour-sense, or a difficulty in distinguishing 
colours and their various shades ftnii combinations ; ac/iromoCopgia, 
to express complete absence of perception of one or more colours, or 
in other words, total inability to diBtinguish truly one kind of 
I oolour from anotlier. Colour-blindness is of two kinds, viz., (a.) 
I congenital cotoHr-blindneii, a defective state of vision, often here' 
ditary, under which the subject, though possessing distinct percep- 
tions of form, and of contrasts of light and shadow, is unable 
properly to recognise cliversity of colour, or even to jterceive certain 
colours ; and (b7) amhlijopic colow-hlindneu, deficiency, perversion, 
or loss of colour-sense associated with morbid states of the retina, 
which are mostly manifest to observation. 

SymptomB. — Oolour-blindness may exist without the subject of 
it being awure of his defect, until hia attention is directed to it by 
experimental trials, or the occurrence of some special difficulties 
consequent on his disability. On looking at tlie colours of the 
apectrum, some of them may be seen correctly, while others that are 
really very uidike, produce a similar optical effect, and are only 
I jdKtJnguished by appearing to vary in intensity of light and shade. 
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80 long as the siffnab and lights under obeenratioii are put befote 
them under conditions of equal clearness. The colooir-blmd peiBon 
has trained himself to observe these qualities as substitutes for his 
want of colour-sense ; just as the totally blind educate and refine 
their senses of touch and hearing to supplement their loss of yisnal 
power. There have been repeated proofs that colour-blind persons 
can learn to distinguish between differently coloured lights, not by 
the differences in their respective colours, but by dinerenoes in 
their illuminating power. They do not know the green froni the 
red light because one is green and the other red, but because the 
amount of light emitted hy the one differs from the amount of li^ht 
emitted by the other. There may also be an acquaintance with 
some special effects or differences in quality acquired by repeated 
observation which may help the colour-blind, that persons who 
possess a naturally normal sense of colour are unable to appreciate, 
in this way colour-blind persons may pursue their callings for a 
certain time with impunity, notwithstanding their defects, whidi, 
however, may lead to dangerous results at any moment. Many 
atmospheric conditions and other circumstances may cause the clear- 
ness and intensity of light of particular coloured signals or lights to 
differ, or may make them appear to differ, in .these respects, and as 
these variations in luminous intensity take the place of differences 
of colour with the colour-blind persons just referred to, it is obvious 
that no safe reliance can be plsrced on such substitute for the true 
colour-sense. The importance of not placing reliance or any substb* 
tutes of the kind is forced on the attention, ail t^e more from reflect* 
ing on the very serious nature of the issues which must depend 
under a variety of circumstances upon the observers concerned in 
them possessing a full and correct appreciation of the coloun 
exposed to view. 

Holmarren's Test. — The test now generally adopted, or some 
modification of it, is the one described by Professor Holmgren, of 
Sweden. Holmgren's test is simple and easily applied. A number 
of skeins of wool of different colours are collected together. They 
consist of the colours correqKmding with those of the spectrum, viz^ 
red, orange, yellow, green, blue, mdififo, and violet, together with 
yellowish green, greenish blue, purple, rose, brown, and grey. 
There aie several shades of each colour, and at least five gradations 
of tint, or degrees of saturation, of each shade of colour, from the 
deepest to the lightest. The skeins of wool are mixed together in a 
heap on a table, in full daylight, not by artificial light, and the 
examiner takes from it one of the skeins, and places it at some little 
dkftance from the general heap. The person imder examination is 
then requested to pick out the other skeins which most resemble 
the test skein in colour, and to place them side by side with it on 
the table. A succession oi similar tests may be applied in the same 
manner. Either very light or very deep shades of colour are recom- 
mended for the test obj^ts. The person imder examination is not 
required to name the colours. His chromatic perception is judged 
by the manner in which he responds to the test, if faulty cokMU^ 
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8e)i;)e be exhibited in the jMrformance of the ta«k, the tents must be 
uontinued id order to determine the kind and extent of colour- 
bliiidness, whether it be aimply defective perce|)tii)ii, or total 
absence of perci^*iiui, of either red, green, or violut, or of any two 
of these culoiuB. 

To Baoartain the Kind kud Bzteot of Oolour-bliDdiie». — The 
followioe mode and order of {iroceeding to eetabliah the diaj^oais 
ia iKMunhed by Holmgrea : — 

lat Proof, A Bkiii of pure light-graeu wool is given aa the test. 
The s|)ecimen should neither be " blue-green" or "yellow-green." 
On examining the skeins which have been selected ae eimilar in 
colour and shade, if they liave been selected readily and found to 
be all of green tints, <:hn]matic perception is "not faulty," if after 
hesitation and difficulty in selection, there is an approach to oonfu- 
sioa of colour, the " coloui*- sense is weak ;" if complete confusion of 
colour, if tlie green is matched with grey, brown, or even with red, 
the oouciuaion is that there is " colour-blmduess." 

Snil Proof. A skein of purple colour, that is, a mixture of red and 
blue, is now given as the test. If all or the greater part of the 
dteins selected ad being uf the same sliade an> found to be so, the 
colour jierception is "not faulty;" if only blue and violet wools 
have been selected and joined to the purple test-akein, in other 
words, if the person tested sees the purple only aa blue, there is 
ctHnpIete i-Mour-bliadneii for red; if green ur grey, or both, have 
Leen selected as speoimeus of the same colour and shade an tlie 
pn^le, the person under exaniinaCiou is '' completely blind for 
sreen ; " if he join red and orange akeins to the purple wool, 
he is " blind for blue and violets" If wool of all colours, of the 
aame shade or degree of saturation, should be taken as being 
alike in colour, there is evidence of complete and " total colour- 
bliudnew." 

The proofs above given Holmgren regards aa sufficient for all 
ordinary cases, but for special individual^, as for official persons 
on whoee right perceptions of colours important issues depend, 
he regards it advantageous to take further proof in confirmation 
of the uonclusion arrived at from the foregoing tests, and then uaes 
a skein of pure red wool as the test-objecl. The colour-blind show 
by their selection that they confound green and red together, 
tlie " red blind " persons particularly selecting, in addition to red, 
shades darker than the test-skein, such as shades of deep green, 
ulive, and dark brown ; " green blind " persons shades lighter than 
the i^. 

ThomBon's Applloatlon at HolTOKran'a Test. — Dr. Thomson, of 
Philadelphia, hau devised an instrument baaed on Holm^u's plan 
of testing cotour-bhndness which can be used by any intelligent 
observer for noting and recording whethera pei'son is colour-blind 
or not ; the ophthalmic sui^on beixig only referred to in cases 
which appear doubtful, or tor confirming the observations when 
cofour-bliiidneas ia stated to esist. This is reported to have beeu 
' 'a.testjng the colour vision of railway emptoyfis, with 
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the resalt of discovering abont 4 per cent to be cdonr-blind. In 
this instrument 40 skeine of coloured wool are employed, the tintB 
aelected being those of the three test colours, green, purplcL and 
red, together with the usual ** colours of oonfusion.** The SKeins 
have each a small metal plate attached bearing a particular number, 
which can be quicklj r^ off and noted by the examiner. One 
half, ar 20 skeins,' are devoted to the green test, the 10 odd 
numbers being shades of green, the 10 even numbers ^ oonfuaion 
colours,'' ae greyB, light browns, and others; the skeins from 
21 to 30 have purple tints on the odd numbers, and blue tints 
on the even numbers ; the skeins from 31 to 40 have red tints on 
the odd numbers, and l»*own, sages, or dark olives on the even 
numbers. The numbers are concealed from view of the perm 
under examination, who merely selects the tints which seem to him 
to correspond to the test-tint given to him, on t^e same princiideft as 
have already been explained ; while the examiner to whom the 
numbers are accessible simply notes on a proper form the numbers 
of the skeins^ whether odd or even numbers, which have been 
selected. Reports thus obtained, and subsequently subjected to 
{HX)f essional scrutiny in the cases of those who have appeured to be 
colour-blind, have led to the proportion of 4 per cent already 
mentioned. 

Xarechal's lAntem Test. — A convenient method of examining for 
colour-blindness has been adopted in the naval schools of France on 
the suggestion of Dr. Mar6dial, Principal Fleet Surgeon. It is 
a test by artificial light, and the manner of applying it is similar to 
that followed in the trials by Holmgren's wools. A lantern is 
arranged in such a way that a variety of colours may be shown by 
the same light on shifting the fflnsses. Hie examiner and the 
person under examination each have a lantern, and on the former 
showing a particular light, the latter has to show a light of the 
same kind. Holmgren's wools are also used as tests by daylifffat 
and the same mode of examination is carried out in the cases of all 
pilots and signalmen in the French navy. Coloured signal lights, 
in addition to tests by daylight, are employed in various countries 
in the examination of officers and men of the State navies as well 
as of others belonging to the mercantile marine. 

Plan for Testing Ctolour-siffht in the Boyal Kavy. — All naval 
officers (medical officers only excepted) and sailors now enter the 
Royal Navy as boys, and, I am informed, they are invariably tested 
as to their perception of colour, and that any notable deficiency in 
power of perception is regarded as a sufficient ground for rejection. 
The following is the order given in the " Queen's Regulations and 
Admiralty Instructions," regarding the examination in respect 
to colour-sight, of candidates for admission in the Naval Servioe 
or into the Royal Marines. "Whenever test-types are supplied,, 
the power of vision of each eye separately, as well as together, is to 
be ascertained. If the persons under examination fan to distin- 
guish the colours" (of the coloured test-types), "they should be 
tried with brighter and decided colours ; for this purpose red, blue, 
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green, and yellow ribbon flags may be used." Colmired wools are 
in uae at the Admiralty for doubtful cases among of&cera. 

Inflaance of Coloar-bUndneaB In tbe HUltarr Serviow. — This 
affecljon, which is very important oa regards those who have to 
depend on ooloared aigTui for guidance as signal otficers, look-out 
men at sea, and railway officiala ; chemiats, and ntbera concerned in 
practice analysis, ld which the presence of particnlar ingredienta in 
dstermined by aneh testa as coloured arilutiona, or by effecta pro- 
dnced BO far as colour is coiDctimed ; as regnrda phyaieianB in the 
■liagaoais of certain diaeiuies cfaaracteriaed by colour, as ecariatina ; 
and even aa regards othcers in general command who require to be 
aAAe to recognise clearly and quickly the coIouib of uniforms;* 
h&B not been regarded afi a disability in offioera of tlie army or 
■oldiara in tha ranks. There are no orders for the colour-aense of 
men brought aa recruits or of candidates for ooramissionB in the 
ftnay, to be tested by euunination. Neither has it been included 
in the lists of disorders of the eyes incapacitating wen for military 
aerrice either in our own or, I believe, in any foreign armies. It 
is importAnt, however, for medical officers to be aciiuainted witli 
the nature of colow-blindneas, and with the methods of diagnosing 
its several varieties, as they may be required to decide whether the 
defect exists or not in apecial cases submitted to their judgment. The 
aerious nature of the defect ia acknowledged as regards ollicers 
ukd aailora of the Royal Navy who have to distinguish readily and 
ascirately signals at sea, for the power tc) execute this duty aright 
dqwnds more upon correct appreciation of the colours than of the 
fitnns or even the markings of the objects presented to view. A 
oi>lDiir~blind officer or sailor could not recognise the distinguishing 
peenanta of shipe nor distinguish signals conveyed by them, for they 
Dave all the same shApes and dimenaions and only differ in their 
eolonra. Tliia remark equally applies to iDOSt of the flags in uae for 
signalling, as well hb to the coloured lights, red, green, or white, 
which are shown by vessels at night to indicate their [losition and 
tlie direction which other vessels are to take in steering past them. 
"Hie ill-consequences of colour-blhidnesB in such cases may not be 
oonflned to mere failure of recognition of the objects concerned, but 
in many inatances an erroneous interpretation of them induced by 
the defect may lead to moat grave and irremediable evils. It is not 
to be forgotten, moreover, that congenital colour-blindness is an 
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incurable diflcnrder, and that while the use of the teAeaeope nuqf 
make up for some visual defects, it cannot lessen or in anj degree 
correct the defect of achromotopeia. Candidates, therefore, for service 
in the Royal Navy, both officers and men, require to be carefnUj 
examined in respect to their faculty of dtstinguishing colours. Hie 
colours employed for pennants and flaes in the Royal Navy of 
Great Britain are the three colours, red, blue, and yellow, indiidli 
were formerly regarded as the three primary colourB of the 
spectrum, together with white and black, while at nighty red, green, 
and white lights are used, so that it is for these colours that candi- 
dates chiefly require to be tested. At the tame time it is not to be 
forgotten that, in addition to the simple colours named, compoond 
colours are used in the flags of foreign navies. 

Am.blyopio Ck>lour-bllndnefls. — This is characterised in some cases 
by imperfect perception, or loss of perception, of certain colours, thp 
results of morbid conditions of the retina and optic nerve. AfanoRBal 
sensations of colour, such as the prevalence visually of Jt tint of 
some particular colour independent of whatever mM^f be the actual 
colours of the objects presented to view, should 4ie distinguished as 
"coloured vision'* rather than as '*«ilour-blindness." Bed, iB 
amblyopic, as in congenital achranotopsia, is the colour which M 
most frequently not disoened, while the power of distinguiahnr 
yeUow or blue lemams the most persistent Amblyopia lA 
central fu*ii^di^jmm. seems to be particularly liable to be attended w)^ 
impairment of perception of colour. Optic neuritis, neuro-retimtiii 
and any diseases inducing atrophic changes in the optic nerve have 
the same tendency, and an iteration in the right perception cf 
colours sometimes appears veiy early in their course. The niaiL^lin g 
iufluence of this form of colour-blindness as regards mHitaiT 
service depends on the amblyopia and morbid states with which it is 
associated rather than on the colour-blindness or colour-pervenioii 
itself. 



CHAPTER VI. 

Acuteness of ViRion.— Normal Acuteness of Vision.— Alertness of Vision. — ^Belattra 
Acuteness of Vision. — ^Measurement.— Optometric Test Objects. — Hair-wire Opto- 
meter.— JUffer's Test Types.— Snellen's Test Types.— Burchardfs Sight Tests.— 
Snellen^s Test Types in Military Practice. — Amblyopia. — Derininon, CaoMi, 
Symptoms, and Diaf^iosis of Amblyopia. — Hemeralopia. — Nyctalopia. — Hemiopia.— 
Scotoma.— Asthenopia.— Definition, Causes, Symptoms, and Diagnosis of Asthem^la. 
— Dimsightedness, from interference with the passage of light through the Eye. 

ACUTENESS OF VISION, 

The term " Acuteness of Vision " has reference to quality of retinal 
perception, and might strictly be limited to the functional capacity 
appertaining to the percipient retinal elements ; but as this capacity 



I can only be practically tried or expressed by a measure of that on 

F which theretioal foDCtionia exercised, thu term, as uauaUy etDploj'ed, 

ia applied to the size of the rutinal iiiiii.ae which can be ociiuuly 

I recognized, or, what amounts bo the same ihing, the uize of the object 

whidj, under favounible couditioiis, can be seen by the eye at a 

certain determinate distance. 

Normal Aouteneaa of Tlsloti. — Normal acuteneaa of vision la 
generally understood to imply clear recognition in full dayliglit of 
an object toward which the eye ia diivcted under the smalleHt 
TJsual sjigle for which the eye in a slAte of health ia orguuised, 
The term normal acuteneaa of vision only refeis to that degree of 
peifection of which we have ex|>erierii'e aa regards the human eye ; 
for it seems beyond doubt that some animals, such us ctrtaiu birdh, 
can see from distances beyond thoae at which tlie animals them- 
mIteb can be Been by the eye of man, and it is quite conceivable 
that a higher degree of visual acuteness than any hitherto observed 
iiii{[ht be attained in the human eye through further development 
nt Its visual organisation. This implies acuteness of vision at the 

X'on of the macula lutea. Complete acuteness of V. can only exist 
n the organic textures and transparency of the media of the 
eye are perfect ; when its refractive power ia accurately adapted to 
UK distance at which tlie object looked at is placed ; and wlien the 
ivtinaJ seusitivenass, or the functional energy of the visual nei've 
dements, and nerve conduction are alio pertect. An eje maybe 
^mmttvpic, yet ite visual acuteness defective at all distoiicea, owing 
to elondinen nt mome of the media, to defective or disordered con- 
dition of certain retinal elnaeiUa, «r «ilnr mnidiid ouaditio w ; 
on the other hand, an eye may be araetropic, and poasesH perfect 
Hcuteneas of V. at some distances though not at others, or at all 
diatances when the ametropia is corrected. 

From the foregoing it U evident that acuteness of vision niay 
vary in degree from normal acuteness to mere recognition of light :rf 
a certain amount—quantitative vision. The particular degi'ee of 
aouteneaa of V. in any given case will admit of measurement if a 
definite objective standard of normal acutenosa of V. be agreed 

Alertnsaa of Vlaion,^ — The speed with which particular objects 
aie distinguished varies in different individuals whose degree of 
acut«ness of viaion may be found to be umilar by ordinary observa- 
tion. Such relatively slow or quick sight is best defined by the 
expression of "alertness irf vision." Increased alertness of vision 
aocomiianies increased intensity of visual impression, as in binocular 
compared with monocular vision, but appears also to depend on 
individual habits, and constitutional peculiarities, visual practice, 
and perhaps also on relative pei fection as regards transparency of 
tJia ocular media, and, consequently, relative speed in the formation 
of the retinal images of objects. As senile changes take place in 
the refnictive media and ocular tunics, alertness of vision iliminiahea, 
and hence probably in some degree are due the cautious auU 
relatively slow movements of the old. Measure of aleJtneas of 
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In practioe it is found that the hair- wire optometer answers well 
for intelligent and observant persons, but frequently gives rise to 
difficulties when men in the military ranks are subjected to trial 
with it. It is by no means easy to get some persons to decide when 
perfect definition of the wires is obtained and when the definition 
nrst becomes imperfect. Letters that we know must form defined 
images when they are 'easily read, and of which we know the 
images are not defined when they cannot be read, or are imperfectly 
defined when they can only be read with difficulty, constitute more 
simple and reliable tests for such persons. 

Tne printed test-types in common use are of two kinds, Jager's 
test-types and Snellen's test-type& 

Jaeger's Test-types. — These consist of paragraphs printed in the 
differently sized types which are in ordinary use m printing in dif- 
ferent countries. The sentencesselected are numbered according to the 
sizes of their types, the sentence in smallest type being distinguished 
as No. 1. The numbers increase as the sizes increase. They were 
at first arran|;ed with a view to overcome the difficulty experienced 
by ophthalmic sux^eons of different countries in imderstanding the 
nature of the letters referred to by one another as objects whidi 
patients were able to read under special circumstances, whether 
under different refractive states, after operative proceedings or other 
treatment, owing to letters being only then distinguishable Irf 
technical names arbitrarily adopted among printers and differing; m 
different countries. To get rid of this difficulty Professor Je^er, d 
Vienna, arranged the types used in different languages according to 
their corresponding sizes, and distinguished them by numbers as 
above mentioned. Jagei^s test-types in consequence received the 
names of types of universal reference. 

The individual letters are not framed on any common prin- 
ciple. Although there is a general correspondence of size in the 
type according to the number assigned to it, particular letters 
diner in their dimensions from ea^ other. Some letters differ 
from others in width or height, and some strokes differ in thick- 
ness, whatever the number of the type. Various other differ- 
ences exist among the letters. The application of these types as 
accurate tests of acuteness of vision is in consequence necessarily 
imperfect and limited. They are, however, occasionally useful 
from their forms beinff familiar to readers, so that their recofi;nition 
is not interfered with as far as any peculiarity of shape is con- 
cerned. But such letters would manifestly be more geneially 
serviceable if they were fashioned on such a fixed basis that every 
one of them when placed at a given distance presented the same 
visual angle, and had definite relations in respect to size with all the 
other types. Snellen's types were designed for the purpose of 
meeting these requirements. 

Snellen's Test-tsrpes. — As Snellen's test-types form the standard 
by which visual acuteness is tested by medical officers in the English 
army, and as they are also used in the Boyal Navy, for teiSing 
vision, their nature and peculiarities ought to be well understood. 




TMT-TrPKS. 



Ill 



Unlike Jager'a test-types, thej coneist of specially formed letterB, 
all fMbioned on one and tbe Bame fixed basis, The seta of types are 
of different sizes, and each set is accompanied by a special number. 
Thcie numbers bear definite proportions to each other, just as the 
individuaJ letters of each aet of types do to each other. 

When he arranged these types Dr. Snellen eiperinientally deter- 
mined the smallest visual angle under which letters could be read 
provided tlie visiuii of the reader were of normal acutenesa, or, in 
other words, the least magnitude of the retinal image of u letter which 
eiuibles that letter to be distinctly perceived, for on tlie size of the 
visual angle, as elsewhere explaiued, depends the size of the retinal 
image, 

Br. Snellen has taken as his standard that an emmetropic eye of 
niHTnal visual acutenesa, can praceive a plain rectangular object in 
fair daylight when it subtends a visual angleof tiie 60th of a degree, 
or one minnte. This is the smallest object that can be seen^the 
muUmum vui6/e— according to Snellen's standard. The space such 
an object would occupy in a circle of 24 inches in diameter, of which 
Uie eye may be supposed to be the centre, would be about the 
S85th part of an inch of its circumference. At a distance of 12 inches 
tiurefore, on this basis, the eye can perceive the presence of a plain 
object about 285tb of an uich in siee. 

But though an uniform object can be seen by the eye when 
occnpylng only a space of the 60tb of a, degree, a complex object, 
though visible, cannot be recognised under so small a visual angle. 
ISlfi smallest visual angle permitting clear recognition of such broken 
wtti irregularly formed objects aa printed letters, according to Dr. 
Snellen's standard, is one-twelfth of a degree, or five minutes. 
Thus at a distance of 12 inches, the eye can recognise a letter 
about the OTtli of an inch in size, or, according to Snellen, a 
letter 0-209"', or 0-0174", or ^th of an inch, in dimensions, Paris 
measure.*' 

It is on these principles that Dr. Snellen has arranged his teat- 
^fpea. The} are all (quadratic in shape or occupy asp u,e the hneor 
boundaries of which form a square and are each formed of strokes 
or /imi» aa they are called the breadth of which respectively is 
ooe-fifth of the linear dimensions of the square within «hich the 
whole ktter is Loutamed. They bear numbers from I to CC 
according to their sues No I being the smallest No CC the 
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largest among them. These nxunben also express tke numbeir of feet 
at whioh the types can be read by an eye po ssoo wag normal acute- 
ness of vision. When the letters are read at the ued distanees in 
feet, which are numbered above them, the eye, in seeing a limb of 
the letter, is seeing an object which occupies an angle of one minute, 
while in seeing the whole letter it is seeing an object which occapies 
an angle of live minutes in the visual field. 

Dr. Snellen has supplied sentences in various languages printed 
on the same principles as the separate letters, and like them Dealing 
numbers in accordance with their sizes, but it must not be forgotten 
that when printed sentences are used as tests^ some words may be 
read although the separate letters are not seen distinctly, from the 
fact of the eyes having become familiar with their general aspect, 
owing to their frequent occurrence in printed lK>oks. Wrooff 
inferences might be drawn from this fact Separate letters « 
definite size are not open to this objection ; all the parts or limbs of 
each letter and figure mt»t be imaged with a fair average of distinct- 
ness, or the object could not be recognised. Moreover the intervals 
between the separate letters, numbers, and test-objects, can he 
arranged to be equal in dimensions with those ol the objects themr 
selves, whereas no such Cfystematic plan can be carried out hAmul 
the letters are grouped in words and sentenoe& 

Arithmetical numbers of various sizes are included among tfae 
test-types for persons who cannot read letters but cau decipher soik 
figures ; and for those who cannot distinguish either letters or 
numbers, simple objects such as circles, lines, crosses, squares, and 
others are added. They are drawn on the same principles as the 
letters, and are intended to be used in the same way. 

It will be observed from the foregoing description that Snellen's 
types have not been designed for givinjy^ qualitative estimates of 
vision, although they may oe partly applied as elsewhere explained 
to such a purpose, but have been solely arranged as means of 
obtaining quantitative estimates of visual power. 

Snellen's Types on the Metrical Scale. — The test-types for the 
determination of the acuteness of vision which have been in general 
use in the British service were officially distributed to the army 
medical officers in the year 1864, shortly after that edition was 
published. In an edition published in 1882, Dr. Snellen adopted 
the metre as the standard of unity, and since that date all his test- 
types, or optotypes, and other optometric objects, have been 
numbered on the metrical system. They bear figures above them 
which indicate the numbers of metres, or parts of metres, at which 
the test-types should be read by an eye possessing average normal 
acuteness of vision, in the same way as the former test-types weie 
marked in Paris feet and inches. There is no change in the formula 
for expressing the acuteness of vision : — it is still Y. = •-. The 
distances for which the types are arranged vary from the amaTli^ 
in which D is equal to 0'5 m., to the lai^est, with which D is eqaal 
to 60 m. The smallest type should therefore be read at a distance 
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of about 20 English inches, the largMt at 200 feet, by an eye 
Mkdowed with Donaal acuteneas of viHioii. In these later editioiiH, 
■ome unprovementB have been made in the tables for detecUtif; 
astigmatism, and in the teste for acuteness of colour>eigbt The 
edition of 1864, in which the types are numbered in feet oiid inches, 
Btill remains the edition in iwe in the British service. 

Bnrohardf a luternatioiuLt SlBht-teata. — These test objects, 
designed tnr enabling military surgeons and others to determine 
tbe sctitenesa of viaion, have been formed on principles whidi differ 
in some respects from thoee of tbe preceding optometric object*. 
They are intended to enable Burgeons to ascertain the near and 
distant pointe of distinot vision, t^igether with the existence of 
astigmatism without the aid of lenses. They were first published in 
1870, but a larger third edition was published in 18S3.* The purpose 
of Dr. Burchardt was to get rid of the objections to the use of 
letters^viz., that they are only applicable to men who know how to 
read, that some letters are easier to be recognised than others, that 
tbia recognition involves mental effort as well as the act of seeing, 
and that the upright strokes of the taller letters are often not 
distinguishable at the same distances as the cross strokes of the 
shorter letters owing to afltieraatiara. The test objects for acuteness 
of Tision employed by Dr. Burchardt are black discs of different 
sizes on a white ground. I had already called attention to the use 
of discs for the same purpose in the Army Medical Reports for the 
year 1860.t My arrangement of the seta of discs was such that 
they corresponded in their diameters with the aeries of J^ger'e test 
types ; but they were very badly printed, and were needlessly 
scattered by the printers, in a manner never intended, over the 
rages of the paper which they were designed to illustrate. Dr. 
Burchardt has greatly improved on the discs just referred to, and 
has grouped wem together on different principle! Instead of 
measuring the acuteness of sight by the visual angle under wliich 
tbe separate objects are recognised, Dr. Burchardt measures it 
(diiefly hy the visual angles of the intervals between the objeetp. 
Just ns the sensibility of the skin, or sense of (ouch, may be 
measured by the limit of the distance at which the two points of a 
pair of compaaaes are separately felt, so, on Dr. Burchardt's system, 
the sensibility of the retina, or visual acuteness, is measured by 
measuring the limit of distAuce between two objects, or rather their 
retinal images, necessary for their separate perception. It is there- 
fore the minimum intra^al of separation of objects appreciable by 
the retina that constitutes the t«st of acuteness of vision in Dr. 
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Burchardt's international sight-tests. Thus, for example, Dr. 
Burchardt shows that discs of O'l mm. diameter, placed in a row 
at intervals of O'l mm. from each other, and viewed from a distance 
of 60 cm. {24") are perceived as a continuous line ; at a distance of 
20 cm. (8") appear as a rough line with occasional swellings; at 
16 cm., or a little more than 6'', are recognized separately and can 
he counted. That the power of the eye to see separately, and to 
count ohjects of simple forms depends not alone on the visual angle 
which the ohjects subtend, but partly on the lengths of the intervals 
between them, has been shown in a very simple manner witii the 
army test-dots \" square by Inspector-General Dr. Lawson. When 
the intervals between them were each of the same dimensions as 
the test-dots, viz., \" square, they could be counted by himself at a 
distance of 36 feet ; when the intervals were each f square, at 
58 feet ; when f " square, at 74 feet ; and the same dots with 
intervals of ^" square between them could be counted at 82 feet 
distance. 

All the sight-tests in Dr. Burchardt's tables have diameters which 
are 1600 times less in lenj^h than the length of the distance at 
which they are to be seen by an eye of nonmd acuteness of vision 
according to his standard. Thus the discs in the 60 metre table 
have each a diameter of 37 '5 mm. ; those in the 16(>0 mm. table, 
have a diameter of I'O mm. ; while the discs of the 10 centimetre 
table have diameters each of ^th of a millimetre. At the distances 
named each of the discs, and each of the interspaces between every 
two adjoining discs, subtend a visual angle with the eye of 2*15 
minutes. This is 1*15 minutes larger than the visual angle under 
which the test-dots on Snellen's standard were required to be seen 
by an eye reputed to possess normal acuteness of vision. 

Dr. Burchardt in tne last edition of his sight-tests (1883) has 
adopted the metric system of measurement. The figure of distance 
attached to his largest discs is 60 metres, and the figures descend to 
10 cm., the sizes of the discs decreasing in proportion. He has also 
added two sheets of block-letters, graduated in size, for distances 
from 20 metres to half a metre, as well as a sheet of large discs 
desired for determining at a distance the directions of the faulty 
meridians in cases of astigmatism. Some of the tables are reduced 
by photography from accurate drawings, and are clearly engraved 
on card tablets of pocketbook size, so that they are very portable, 
while the back of each card bears concise instructions on the manner 
of using them in the detection of true as well as simulated differ- 
ences of visual acuteness and refractive power. Special small cards 
and tables for the diagnosis of astigmatism are added. They are thus 
conveniently arranged for fulfilling their purpose, but, on the whole, 
Snellen's test types, although in some respects less scientifically 
accurate than Burchardt's sight-tests, generally appear to be more 
serviceable, and as they have been already sanctioned for employ- 
ment by medical officers in the British army and are now familiar 
to them, there appears to be no sufficient reason for introducing 
others into use. 
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Snellsn's Staji jazd of Vianail AoutanesB.^In practice it will be 
found tbat particular eyes, e»peciiilly sound young eyes, have & 
considerably higher degree of viBiial acutoiiess than the standard 
taken by Dr. Snellen. An object which Bubtenda an angle of only 
half a minute, or even one-fifth jiart of a minute or 12 aeconds, 
when directly illuminated by the sun, ia visible to some eyes. Colour 
has an influence however : a white object with the light of the aun 
Bhining upon it may be seen tmder an angle of 12 seconds, but 
under the same circumstances, a similar object, but red in colour, 
would only be seen under an an^le about double that size. Sudden 
cbaDge in the intensity of the light to which the eye is subjected, 
ocular fatigue from prolonged vinual elForts, pressure on the globe, 
and a variety of other causes, will temporarily interfere witn the 
power of reading the types at their normal distances, and, unless 
taken intoaccount, may lead t« an erroneous conclusion inagivencase 
that the visual acuteness is below Snellen's standard, when it really 
is not so. Some persons can read test-types at distances coustderably 
beyond that indicated by their accompanying uumbera ; when, 
therefore, the angle under which they are recognised is much less 
than an angle of five ntinutes. X have seen them read, nnder 
favourabte conditions, at double the indicated distances ; when, 
therefore, the visual angle has been reduced to about ^ ot a. degree, 
or Sj', and V. has been := 2, or twice Dr. Snellen's standard, and 
their recognition at a distance i)f thrice Snellen's standard in a good 
light ia recorded. Snellen's test-types, as numbered, are consequently 
to be regarded not as standards of perfeut acuteness of vision, but 
of average normal acuteness of vision, as deduced from actual 
observation of a number of persons free from all visual defects ; 
while those in whom V. is found to be twice or thrice Snellen's 
standards are to be regarded as exceptions to the general etaniiard 
of normal visual acuteness. 

TTsaB of Snellan's Teat-typaK In UUitary Praotico.^The great 
value of these test-types is the ease and readiness with which they 
OAn be used for practical purposes in ocular examinations. It is not 
of BO much moment Whether the standard on which they are based 
ia precisely accurate as to its estimate of normal acuteness of vision, 
aa tiiat the tyfies can be used for at once determining whether the 
acuteness of V. in any given case ia equal to, below, or above their 
standard. At the same time, Snellen's standard may be accepted as 
a fair aven^ standard of normal acuteness of T., imder the ordi- 
nary conditions of everyday life in Europe. 

As the letters are all formed on one anil the same principle, they 
are capable of being applied to various uses in the examination of 
visual acuteness. Being all seen under the same visual angle at the 
distances indicated, they all at those distancea have the same ap- 
parent magnitude ; and as they are all formed in the same fashion, 
and occupy proportionate areas, so also at the distances indicated 
Uiey not only have the same linear magnitude, but also the same 
■ superficial magnitudes. Letters of any one size may, 
in practice be substituted for letters of any other size. 
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^joat itaelf bj tbe exeraae ttf 

Agaim, if tvo or nore of liie xrpem be beid at otftwr Ibf tbe 
naJDMid din^anees, vbeUber more renote frcnt or mount to aa ob- 
Mrr€r, tbe Tisul aiigiei nnder vbkb tber are asrenllj oBan wQl 
alill be alike, 80 kngaa tbe diMtanon at wbiA tbe diflmta t IjpeB 
ape pbkoed are rebutaTelj in irrrirTtiTw^ 

SiMaUefi's test-crpea afford a abBfile, and pnctafaDj sidBcientfy 
ibeeuiate nKMle of exprfiTing tbe degree <■ acaDteneM of "wim m , 
Sneliea's formula is tbe foUowing. If T. (riaiaQ) be vaed to eipnm 
the acuteneaiof Tiision; D tbe dtalanfie at vbicb tbe ^rpeappean 
uiader an angle of five fninoton, or tbe dtalanfie iiaBied wita tlM tjne 
iMed ; <;il^ tbe utnKwt diatanee at wbicb tbe type can be read b^r the 
penon under obaerradon tben Y. ^ -^ In this arrangemmt^ 
D ia a fixed quantity, d a Tariable one. ExampleB : Tbe 90-feet 
types are read at 20 feet, tbe dO-feet types at 90 feet ; then V. =|{ 
or f^, and the aeuteness of yiraon is normal If the 20-fedt type 
can only be read when the person s^iproaches the types to a distance 
of 10 feet, the 30-feet type to one (tf 15 feet, tben V. = ^, or ^, 
or ^, and the aeatenees of vision is only one half of the normal 
standard. Practically, in determining relative degrees of acnteness 
of vision by these means, it is better to use one common test-type, 
the 20^ type, for example, as the standard. 

A convenient mode of nsing Snellen's types is to have the scale 
of types, one row above the (^er, placed on a suitable stand in a 
good light at a fixed distance, a distance, for example, of 15 feet 
from the person under examination. In the formula Y. ^ -^ 'd 
then becoiQes a fixed quantiiy, and D a variable one. The person 
whose vision is under trial is desired to read the smallest row cif 
types which he can see clearly at that distance. If he can read the 
15-feet type, but none smaller, then Y. = ^ ^ 1. If he can read 
the l2-feet type, then Y. = ^ = li, or his visual aeuteness is one 
quarter above Snellen's stanoard. If he can only at the distance 
named read the 20-feet type, then Y. = M = |, and his aeuteness 
of vision is only three-quarters of Snellen's standard. The advan- 
tage of using a distance, such as one of 15 feet, is that there is no 
need, under ordinary circumstances, tor exercise ot accommodatory 
exertion on the part of the person under examination, for the rays 
of light from objects at this distance reach the eye, practicaUy, as 
parallel rays, and it is onlv in the case of hypermetropes^ that 
accommodatory exertion will be employed. 

The use of Snellen's types saves tune in examining the quality of 
eyesight in any unknown case. If the person under examination 
reads with each eye the 20-feet type at 20 feet with ease, there is 
no ocular defect of sufficient importance to require further investi- 
gation. If it, and other types, can only be read short of tbe normal 
distances, some defect exists, and the necessity is at once indicated 
for further examination by trial lenses or the ophtbabnoeoope, in 
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Ametropia or lessened accommodating power is indicated when 
some of the tjpea are aeeD clearly at the distances marked above 
them, but other types ore not seeii clearly at their distancea. In 
Buch caaes, the refractive power of the eye does not maintain corre- 
spondence with the relations which are preserved between distance 
and size in the types. If an eye can read the 1-foot type at the 
distance of 1 foot, the l^foot iype at a foot and a half, but cannot 
read the XX-feet tyjie at 20 feet, and other larger types at their 
respective distances, myopia ia indicated ; while if the XX-feet ^^ 
can be read at 20 feet, but the smaller types cannot be read at their 
diatancea, either presbyopia or liypetmetropia is jB^jbably present 

If deception is attempted, whether of a positive or negative kind, 
it may often he exgKwed by subjeutiug the person under examination 
to testa by dilferent but adjacent ty]>e8. If there be no attempt at 
deception, but an alleged deficiency in acuteness of vision be real, 
the' relations between D and d will be preserved when types of 
such different sizes, as the SO, 30, or 40 feet type, are presented to be 
read. If V. ^ ^, it ought to be equally -J* and jg if other like 
conditions be carefully preserved ; if a different value be given to 
v., deception of some kind may be suspected. The smaller sisied 
types, Nos. 1 to 3 or 4, should be excluded from the comparison. 

The degree of acuteuesa equally with the alertness of Y. are 
naturally lessened in the later years of life, owing to decreased 
transparency of the dioptric media, decreased retinal sensitiveness, 
and other senile changea But from a table published b^ Inspeotor- 
Oeneral Dr. Lawsou, comprising a series of observations on 974 
perBonx, it would api>ear that acuteuesa of Y. gradually declines 
from a very early age, even as early as fifteen years. The decrease 
in the instances quoted was independent of diminution in accom- 
modation. If follows that other causes besides senile changes must 
lught for t4) explain the lessening of acuteuess of V. witli age, 
■' " ' iti'h fa<n .,■•". 



should Dr. Lawsons faete be subetan tinted by u 



lixtended ob- 

According to a table quoted by Dr. Snellen, deduced from a series 
of observations by T. v. de Haan, of Utreelit, on 281 persons of 
ages varying from 7 to 63 years, the state of whose eyes had been 
previously ascertained to be sound and healthy, iiciiteness of vision 
was above Snellen's standard up to 40 years, but began to decline 
slightly between 20 and 30 years of age, became .^tli below Snel- 
len's standard at 50 years of age, and was reduced nearly to ^ at 80 
yesjs of age. The actual ficures resulting from the experiments, 
according to the quotation, snowed that the average acuteness of 
vision for ages up to 20 years, the figure 20 being used as a 
standard of comparison, was as 22'5 : 20 i at 30 years as 22 : 20 ; 
at 40 as 20-5 : 20 ; at 60 as IS : 20 ; at BO as 14*5 : 20 ; at 70 as 
13 : 20 ; and at 80 as 11 : 30. 

Snellen's test- types can be readily turned to account in the 
" " ' '" "^ ' " "^ ' '1 down as to a required 
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standard of visual acuteness. Thus, for example, a military friend 
gives me, as a rule, from the result of his experience, that a soldier 
to be effective must be able to distinguish clearly a man from any 
other object at least at a distance of 500 yards under ordinary 
illumination, as in a moderately clear daylight, and with no more 
striking contrast of background than what is met with in ordinary 
fields or moorland. A sentry on an advanced post who could not 
distinguish an enemy at that distance in- front of him would en- 
danger the safety of a force. With sucba background as the "sky- 
line," or any background forming a marked contrast with the 
object, a man ou^ht to be recognised at 1000 yards. The amount 
of light reflected from the object looked' at relatively to the amount 
of li^ht reflected from the objects by which it is surroimded, and 
the character of the background, are always important elements in 
regard to visual perception, in addition to the size of the visual 
angle subtended by the object. 

The rule for recognition at 500 yards may be applied by means 
of Snellen's types thus : — Assuming the height of a man to be that 
at which the height for infantry is calculate in rifle practice, viz., 
6 feet, the visual angle imder which he would be seen at a distance 
of 500 yards is 13' 44", or nearly 2 '7 times the visual angle under 
which Snellen's types are seen. Eecognition of 20' Snellen on 
toned paper in an ordinarily lighted room at a distance of T 5' may 
therefore be used as a test that one man is capable of distinguishing 
another man at a distance of 5:)0 yards under the above-named 
conditions. A man 6 feet in height to be seen under the same 
visual angle as Snellen's types would have to stand at a distance of 
about 1375 yards off. But practically at such a distance, owing to 
the effect of the intervening atmosphere and other circumstances, 
the man could not be distinguished, although an object having the 
same visual an^le- might be seen plainly in a nearer position under 
adequate illumination. 

Measurement of Visual Aoatenem when assooiated with Ame- 
tropia. — If a low degree of V. be due to simple uncomplicated 
ametropia, whatever the nature of the latter, on it being connected by 
suitable lenses, normal acuteness of V. will be restored ; if, however, 
Amblyopia, or other complications exist which participate in causing 
the degradation of V., the acuteness of V. will be only partially 
improved by the lenses. Whenever, therefore, V. is found to l>e 
below the normal standard on first examination, and ametropia to 
be ajssociated with it, the nature and degree of the latter should be 
ascertained with a view to its correction, and the acuteness of Y. 
of the eyes should be tested after correcting lenses have been 
applied to them. In this way only can the true condition of the 
eyes, as regards acuteness of Y., be determined. The acuteness of 
Y. in all such cases should be noted before correction, and secondly, 
after correction, of the ametropic defect 
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Weak Vibioh. 

Wiere are three kiniJa of weak or defective viBion, which it ia 
necessary for an observer to diatiiiguiah from one another in ocular 
eiaminationH regarding visual acut«aes8. TTie first of these is 
amblyopia, derived from dii0Kvt, blunt, obtuse ; the second is 
asthenopia, from dufler^t, wanting in force ; the third ia din> 
Hightedness, or loss of visual acuteness, due to conditions by which 
the passage of light to the retina ia obatructed or otherwise dis- 
torbed. The first refers to imperfection in tlie aenaitive recipient 
elements ; the second refers Hither to weakuess in the int^miU 
structures which are engaged actively in adapting the dioptric 
apparatus to the varied requirements for clear vision at different 
distances, or to a deranged balance of power between them and the 
external muscular motors of the organ ; the third is usually the 
result of morbid alterations in some of the ocular stnicturea. It 
will be convenient to consider aeparately these three conditions 
which are very distinct in their nature. 

I. Amblyopia. 

Definition. — Feebleness of vision from diminiahed acutenesa of 
retinal perception. 

Impaired vision thus defined was formerly included with many 
other morbid conditions of different kinds under the general term 
" amaurosia"* Amaurosis is now only used to express total loss of 
vision from annihilation of the function of the visual apparatUK, 
generally due to intercranial disease, but due also to morbid changeH 
of the optic nerve and retina. Amblyopia, therefore, repreaenta 
partial loss of visual sense ; amauroeia complete loss of visual sense, 
due to morbid changes in the nervous apparatus of the eye. 

Oanses. — These may be either intrinsic, that is, due to disease<l 
changes originating in the optic nerve itself, its cerebral connexions, 
or retinal expansion ; or extrinsic, wlien the diseaaed conditions are 
induced in sequence to disease of neighbouring but functionally 
independent structures, sxich as cerebral tumours and other ccirebral 
diseaaes giving rise to pressure on the optic tracts or involving 
them in the morbid processes, aequels of insoktion, intra-orbital 
tumours, diseases of tlie choroid, and other intra-ocular affections, 
reflex irritation from branches of the fifth nerve, and others. 
Amblyopia ia also caused by a variety of constitutionftl disorders 
which lead to anremia, impairment of nutrition, prolonged con- 
gestion, or Ui changea ot the ocular nervoua ajiiiaratuB brought 
on probably by morbid materials circulating in the blood-vi '- 
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Tliese include constitutional states of general debUity due to 
repeated losses of blood &om haemorrhoidal or Other sources, as 
also to excessive debilitating discharges whatever their nature ; 
habitual and inordinate use of tobacco and alcohol, excessive 
cinchonism, lead {)oisoning, secondary syphilis, diabetes, albumin- 
uria, and a variety of cachectic conditions. Other causes are 
mechanical injuries^ such as blows about the orbit producing optic 
paralysis, hsemorrhagic effusion, and retinal detachment. Sudden 
severe shock, or excessive intensity of* light, as from a close flash 
of lightning, may be a cause oi amblyopia or even complete 
amaurosis. 

Lastly, just as retinal perceptive acuteness may apparently be 
increased in energy in a healthy subject by constant practice at 
natural objects, so it may be lessened by want of employment, amhLy- 
opia ex anopsid, as sometimes happens by mental suppression of the 
retinal image of one eye in straoismus, and also, when a corneal 
opacity exists in one eye, by the patient excluding this eye from 
binocular vision in order to prevent visual confusion. On the other 
hand, amblyopia may be induced by continued overstraining of the 
retina, in prolonged work at minute objects, such as very small 

C' ited letters and figures, especially if the types and accessories are 
, and the printing indistinct, as they are in some cheap modem 
reprints of standard works. The ill effects u{)on the retina are all 
the more marked, and occur the more speedily, when the person is 
placed under the influence of circumstaiices tending to impair his 
general health, and when at the same time his retina is over- 
stimulated, and irritated by strong artificial and unsteady light or 
by the bright glare of a tropical sim. 

From the variety of causes, above enumerated, which lead to 
amblyopia, it will be seen that amblyopia should rather be regarded 
as a symptom than as in itself a distinct disease. It is as a rule the 
negative to the positive expression ''acuteness of vision." In many 
instances the diseases which give rise to amblyopia are unavoidably 
obscure, as when they are intra-cranial, so that the effect, which is 
manifest the amblyopia, can alone be distinguished and named. 
Again, in numerous cases where the loss of retinal acuteness is 
functional, as when it is due to anaemia, the excessive use of tobacco, 
and other similar causes, no objective lesion can be observed under 
the closest examination. But in numerous other instances, the 
cause of the amblyopia can be traced and demonstrated, and the 
affection of which it is a result should then be properly designated. 

Symptoxna and Diagnosis. — In its mildest forms the patient 
simply cannot perceive very small objects clearly at any distance. 
But it may vary in degree from inabilitv to see some of the smallest 
size t3rpes up to inabuity to distinguish the types of largest size. 
The feebleness of vision may become aggravated until it is so weak 
that the patient is not able to see his way about, and the sensitive- 
ness to light diminish until there is complete amaurosis. In 
moderate degrees of amblyopia type of moderate size in reading is 
held closer to the eye than usual, in order to obtain larger images, 
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and thaa an ineipeTieDced observer is liable to suppose erronedualj 
that the patient is myopic 

Amblyopia eiiate independently of any refractive fault or dimi- 
nution in accommodatory power. Either of these conditions may be 
present concurrently with the amblyopia. If a refractive detect be 
aseocialed with it, whatever may be its nature, the correction of it 
will not improve the amblyopia. The effects of amblyopia are felt 
at all distances for which the eye is adapted, whether near or distant 
objects are regarded. There is not usually with amblyopia the 
Benae of effort or fatigue that accompanies ostbennpia, nor the 
" blurred vision " of defective refractive power. If the eye is emme- 
tropic naturally, or has been rendered bo by suitable lenses, the 
amblyopic eye will still only be able to see objects under larger 
visual angles than are essential for visual reco^ition by another 
which baa normal acuteness of vimou. Amblyopia will of course be 
found to be accompanied by the characteristic symptoms of the par- 
ticular diseased condition which gives rise to it, when the latter is of 
such a nature as to be definitely recognised. As soon as the fact of 
tlie existence of amblyopia is estabiiahed, a true diaenosis of its 
cause sliould be sought for through a careful study of &e history of 
the case, and by ophthalmoscopic investigation. 

The following are also forms of amblyopia : — 

(a.) Homeralopia, night-blindness, or that condition of weak 
visim in which the patient can see well in the daytime, but cannot 
distinguish objects after sunseC or in a dim light. It ia frequently 
found among soldiers who have passed from a northern latitude tin 
a tropical station. In these instances it is evidently due to 
eihauation of nervous power from over-stimulation by tne bright 
light of the tropical day and the reflected glare from the water of 
the ocean, unrelieved by the variety of shade and colour which are 
met with on land, and the consequent inabihty to perceive objects 
illuminated by the comparatively weak rays of moonhght. Snow- 
blindness appears to be of the same nature. The impairment of 
sensibility of the retina will be proportionably increased if circuni- 
stances liave induced any scorbutic taint or niarked debility in the 
constitutions of the individuals affected. This description refers tu 
simple functional hemeralopia ; care must be taken not to mistake it 
for the diminished visual power which co-exists with retinitis pig- 
mentosa, atrophy, and other structural changes of a grave nature m 
the retina- 

Hemeralopia ia sometimes simulated, and is reported to be 
_ frequently assumed by soldiers in some foreign armies. Various 
stratageniH have to be resorted to for the detection of the imposition 
if tiie coudition is feigned, for when it really exists as a functional 
disorder there is no visible sign by which its presence can be 
proved. This fact should make medical officers very guarded in 
expressing an opinion that the disorder is simulated, however 
strong may be the suspicions which they are led to entertain on the 
subject 

[£,) Hrntalopia, which is sometimes used as synonymous with 
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nigfat-biindneat, rally ■ignifiaB the cuu t ewe oonditioii of heme- 
ralopia, or that the patient can see better at night than he can 
during the dajtime. In this state the weakneas of the retina 
conabits in its being to nnaUe to bear the stimolns of bright light 
from h jpenesthesia. The normal acateness of yidkm may not be 
materially lowered in sabdaed light ; bat attempts to read print of 
moderate size, or to examine objects in bright oa^ighti |nrodiioe all 
the symptoms of severe photophobia— ocular pain and dazding, 
lachrymation, apasms of the eydids, sapra-cnrbital pain, and general 
distress. After sundown, or when the eyes are shaded by tinted 
glasses, the patient mores about with comparative oomf(»t, and 
sees objects dearly that he could not distinguish in ordinary day- 
lights The intolerance to the l^^i^t light thrown on the retma uy 
the ophthalmoscopic specolom snffidentiy indicates the presence of 
this abnormal irritabihty ; and this may happen in eyes where there 
have been no previoos symptoms indicative of inflammatory action, 
and in which the fondns seems to be quite free from inflammatoiy 
effects. Such cases are occasitmally met with ainon^ the soldiers 
who are invalided during the summer for impaired vision from 
India. In these instancies the affection seems to be due to the pro- 
loi^^ed effects of tropical glare upon an over-sensitively organised 
retina, generally assodatec^ however, with a lowered state of ccmsti- 
tutionaltone. 

In the year 1885 a soldier of the Soots Guards was invalided frcmi 
Egypt for symptoms of nyctalopia. He had had iridectomy per- 
formed in both eyes, prior to enlistment. He was probably passed 
as a recruit in consideration of his being in other respects a physi- 
caUy sound and finely-proportioned man, and because iu a suodued 
light in a closed room ne could count the test-dots at the required 
distance. He was useless in the open air in the daytime in £gypt. 
The irritating effects of the glare, owing to the loss in both eyes of 
the natural power of excluding excess of light by the action of the 
irides, caused a good deal of suffering at the time, and not only 
induced extreme difficulty of vision when the daylight was strong, 
which still existed on his arrival in England, but also led to a con* 
siderable amount of amblyopia. In full daylight at Netley the 
acuteness of vision was greatly improved in ea(£ eye by the use of 
a diaphragm with a stenopoeic aperture, but no means could bring it 
to the normal standard. 

(c.^ Hemiopia. Half-vision. — Impairment or loss of retinal per- 
ception, limited to the outer half of one eye and the inner half of 
the other eye. A recollection of the manner in which the fibres of . 
the optic nerves decussate at the optic commissure explains how any 
cause, pressure or other, impairing the conductibility of either optic 
tract, before it reaches the commiBsure, may destroy visual power in 
the right or left halves of the two eyes, while the remaining por- 
tions of both retinse retain their ordinary power of perception. The 
diagnosis can only be made out by noting carefully the field of 
vision of each eye. The limits of the field of vision suffidently show 
the existence of the hemiopia. If the left half of the field of vision 
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of each eje is wanting, loss of power of the right haJf of each retiiiu 
will be indicated and nica pernl. Ueiniopia under any circumatances 
uiifita a soldier for duty in the ranks. 

{d.) Scotonw. — Partial deficiency or total loss of vision in an 
isolated portion or portions of the retina. Smtonies are occaaionally 
central, or are situated near the retinal centre, when serious ambly- 
opia results, and they sometimes affect iKith eyes simultaneously. 
The defect may be a sequela of some local lesion, of retinitis, optic 
neuritis, or of some form of choroiditis. A dwk spot, or spate, 
af^ear in ordinary vision, corresiKinding with the portions of the 
retina that have lost sensibility to light The spots move in con- 
cert with the movements of the eyes. Besides the amblyopia, 
central scotoma is usually accompanied with localised disturbuice 
of the power of distinguishing coloura, the retina around retAining 
coloor perception in integrity. In some cases & part of the retina 
may be atrophied, separated from the choroid, or may be seen on 
ophthalmoscupic examination ta be infiltrated with choroidal pig- 
ment, or there may be localised exudative deposits, or some clot 
remaining from blood effusion. In many cases no visible evidence 
of lesion can be detected, when the affection is probably of cerebral 
origin. Careful examination of the field of vision is the best guide 
to diagnosis in these latter instances. There will be a certain con- 
stant space or spaces in the held where impairment or complete loss 
of vision is noticed, and in proportion to the nearness of the acoloma 
to the region of the macula lutea, by so much the more marki^d 
and obtrusive the defect will be, and the more untit the patient for 
military service. 

II. Asthenopia. 

I M l nl t lon . — Deficiency of ocular strength, or feebleness of vision 
due to strained, unduly balanced, or irregular muscular action, 
altogether irrespective of amblyopm, which may or may not b« 

Oan>es. — Eiceaaive strain, over-fatigue, or atony of the ciliary 
muscle. Weakness of the internal recti muscles relatively to the 
demands made on them for converging the eyes to near objects, as 
in reading. Want of perfect concurrence in the respective actions 
of the muscles concerned in accommodation and convergence. 
These causes of asthenopia are often, but not invariably, associated 
with ametropic states of ocular refraction, viz., hypermetropia, 
myopui, and astigmatism. 

The symptoms which result fi-om the two sources just named 
ate in many respects similar, but the causes being so different in 
their nature, the diagnosis between the different forms of asthe- 
nopia to which they respectively gave rise should be clearly made 
out, for the priuciplea on which their treatment is to be conducted 
must be equally differenL Two forms of asthenopia are, therefore, 
distinguished, viz., (a) " motor asthenopia " and (fi) " accommodatory 
aa^ieaapia." 
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83^mptoxnfl. — ^The following symptomB are common to both fonns 
of asthenopia. Beading and obeervation of near objects in general 
quickly induces fatigue. The effect of continued applicaticm of this 
kind causes a sense of fulness and tightness in the eyes, oongesticxit 
uneasiness about the brow, headache, and various forms of nerroas 
disorder. On trying to read, the letters at first appear dear and 
distinct, but afterwards become blurred, and more or less cross 
each other (incomplete diplopia). Epiphora, and conjunctival 
vascular injection, follow if the exertion be continnecL The 
83rmptoms are relieved by rest, and generally, according to the 
length of interval of rest, so is the degree of relief. 

Diagnosis, beweeen Motor Asthenopia and ▲coosimodatory 
Asthenopia.^ The {)ower of mobility of the eyes must be examined, 
more especially the power of conver|fence of the optic axes. In 
accom/modatory asthe7iopia mobility is unimpaired, and the con- 
vergence of the optic axes perfect ; in motor asthenopia the (^spoeite 
condition exists. The following is a simple way oi examining the 
amoimt of convergent power possessed by the aAthenopic eyes. An 
object, such as a ruler, is held up before the face in a line midway 
between the eyes, about the distance of a foot off This is slowly 
moved toward the face, and when only half a foot off, attention is 
paid to ascertain if one of the eyes becomes unsteady and turns 
outwards. Should this happen after repeated observations, it 
shows that the internal rectus of the deviated eye is too weak to 
keep the eye in an inward direction. If the eyes be free from 
motor asthenopia they will converge together sjnnmetricaliy to the 
last limit of convergence. Another plan is to shade one eye, and to 
direct the other at some object ; if motor asthenopia be present, the 
covered eye will be moved by the stronger external rectus muscle, 
and turned more or less outwards. The relative strength of the 
converging and diverging muscles may be determined by testing 
their {)ower of counteracdng the deflection of rays whidi is caused 
by applying prismatic glasses of known degrees of strength before 
the eyes. (See " Prisms," p. 32.) - 

The symptoms of motor asthenopia were attributed by Yon Graefe 
to "insufficiency of the recti intemi muscles,'' and he gave the 
following as a test of the precise amount of insufficiency. A prism 
with a refracting angle of about 12*, is to be placed before one eye 
with its base horizontally downwards or upwaras. The ima^ of an 
object looked at by the two eyes will then be displaced upwards or 
downwards so far as the eye that has the prism before it is con- 
cerned. There will be vertical diplopia. If under these conditions 
a line with a dot marked upon it near its middle be looked at by 
both eyes at a distance of about a foot from the face, and a single 
line is still seen, though elongated, with two dots upon iL one above 
the other, no insufficiencrjr was supposed to exist, as the internal 
straight muscles are obvioudy still acting in concord ; but if two 
lines are seen, each with a dot upon it, though at different eleva- 
tions, the separation was regaraed as a proof of insufficiency. 
Supposing the horizontal diplopia results from relative divei^gence 
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of the optic axes, «o'tha.t the two images are croBsed, the distance at 
which the two lines were separated apart was taken as the iudica- 
tion of the amaimt of the ineufficiency of the internal recti. The 
strength of the prism which with its base inwards would then pro- 
duce fiiaion of the two lines, gave the esact measure of the insuf' 
ficiencj. The accuracy of these views i^arding "muscular insuf- 
ficiency " have, however, been questioned by mte obaervera, and 
other explanations, which appenr to be far more satisfactory, have 
been advanced to account for the facta observed in the experiments 
mentioned. It is not, however, necessary to enter more folly into 
the Bubject here* 

(a.) Motor Asthenopia usually co-eiists with miopia. From the 
closeness with which the mjope regards objects, the internal recti 
m. are kept on a constant strain, and in certain cases this strain 
speedily induces exhatistion of muscular energy. There is not a 
corresponding amount of exertion of the accommodatorj function, 
eo the normal balance of action between the two functions of 
accommodation and convergence is broken. In high degrees of 
myopia, in young persons^ there may l>e no demand at all for accom- 
modation while the strain of convergence is very considerable. 
Wlien the distance point of distinct vision is only a few inches off, 
the myope will read and work at that distance, in which case no 
accommodation will have to be exerted, but for the sake of single 
vision there must be the necessary convergence. Exhaustion follows 
this excess of strain on the muscles of convergence, and the loss of 
the support tliat they should normally obtain nrom the harmonious 
cooperation o£ the functions of accommodation favmu^ its occur- 
rence. If the patient, to counteract the elfecta of this exhaustion, 
increases his efforts to maintain the convergence of the eyes Insteatl 
of giving them the necessary amount of rest, the pain and other 
symptoms of motor asthenopia follow. If neglected, this state of 
things may lead to permanent strabismus. The patient, in order to 
prevent the annoyance of the partial diplopia produced by the two 
eyes, owing to their unsteadiness, not seeing near objects jirecisely 
in ihs some direction, will use one eye only ; the other will move 
outwards, and, if habitually unemployed, not only will squint be 

Srmanently established, but the eye will be rendered amblyopic, 
ds has been more fully explained under Myopia, at p. 39. 
(6.) Aceommadatitry Atthent^aa. — The cause of this form of 
atthffnopia, namely, want of sumcient power in the muscle of accom- 
modation to meet the demands made upon it, at once shows that 
whatever condition of the eye induces an excessive strain on this 
muscle relatively to its general tone and develo^ent must aggra- 
vate, even it has not originated, the defect. Hence its constant 
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co-existence with hypermetropiay taxing so nnceasingly, as this form 
of ametropia does, at all distances, the acoommodatory effort unless 
artificially assisted ; its frequent occurrence also with unaided jorei- 
byopia, when work on small objects at near distances is persii^ed 
in ; and its aggravation in degree if astigmatism be, with tne Tary- 
ing struggle of accommodation which it leads to, superadded. 
There is dXso in acconmiodatory asthenopia a derangement of the 
normal cooperation of the functions of acconmiodation and oon- 
vergence by which the asthenopia may be aggravated, but the 
disturbance arises from a different cause to that which originates it 
in motor asthenopia. In the latter form, as already mentioned, the 
action of convergence surpasses that of accommodation ; but in 
acoommodatory asthenopia, especially when it co-exists with hyper- 
metropia, the accommodation has to be exerted in excess of the 
convergence. Here also the loss of the support vwhich springs from 
the concurrent and even working of -the ooauscles concerned in 
accommodation and convergence no doubt augments the asthenopia 
and the difficulties of the patient. After he has been reading or 
writing for a time, or working intently at any close work, the 
objects looked at become indistinct, and if only stronger exertion is 
made to get clear images, instead of sufficiently res^g the eyes, 
the symptoms elsewhere described are produced. These synKptoms 
are aggravated by anything that deranges -the general healtn and 
nervous system, or lowers the strength of the asthenopic patient 
But there is not the tendency to eversion of the eyeball that th^re 
is in motor asthenopia. Moreover, acoommodatory asthenopia is 
relieved by convex glasses, in most cases is removed by them when 
they are of suitable strength, and these would only add to the 
difficulties of the motor asthenopia <of myopes. 

Loss of adequate power in the ciliary muscle and subjectiTeness 
to asthenopia may be brought about by other conditions than those 
of hypermetropia, presbyopia, and astigmatism. Irritation from 
constant occupation at near objects, spasm, general debility, 
hysterical states, all become inducing causes of accommodatoiy 
asthenopia when the ciliary apparatus is subjected to efforts out of 
proportion to its strength. 

Treatment of Asthenopia. — Asthenopia admits of treatment and 
often of cure. The ocular conditions which lead to its production, 
point sufficiently to the means which should be adopted for its 
reUef. If the eyes of the patient are found on examination to be 
ametropic, the kind of ametropia must be ascertained, and the 
defective refraction corrected in the manner already described in 
the chapters on myopia, hypermetropia, and astigmatism. If the 
patient have become presbyopic, relief must be afforded as explained 
under presbyopia. At the same time the relations between the 
convergence of the eyes and the accommodation must be considered, 
and as far as practicable a normal balance established between them. 
The employment of the eyes must be regulated, so that while, on the 
one hand, irritation and fatigue are obviated by the prevention of 
an excessive demand on the muFcles of accommodation and con- 
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vergence, especially uader ansatiitaTj' conditioim, auch, for example, 
aa Bometimea are met with when printere are employed in Betting 
up Bmali types in close ill-rentilated rooma by gaslight, and hy 
avoiding excessive Btrain of tlie eyes aa occurs when persons work 
at BmaU objects, writing, drawing, &c., in tropical countries with 
ili-judged ezpOHure of trie eyes to the direct sokr glare ; on the 
other hand, the weakening effects of abstaining from all proper 
employment of them are avoided. If there be weakness from 
coDfititational disorder of any kind, its influence on the asthenopia 
of the patient should not be forgotten, but steps should be tuken 
according to its nature to try and remove it, and to restore the 
natnral standard of health. 

III. DiHBtOBTKDIIEaa. 

Impaired Vision from Causea wblch obstruct the FoEsae^e of 
UKht throDB-li the Eye to the Ketliia. — Impaired vision, or dim- 
eigfatednefs, the result of lesions which have led to physicral changes 
in the condition of some of the ocular media, especially to dimin- 
ished tranaparency, is a frequent cause of rejection of recruits, and 
a source of unfitness for further military service among soldiers in 
the ranks. Such morbid changes, when they exist to an extent 
sufficient to incapacitate men for military sprvice, are usually easy 
of recognition, either by direct observation, lateral illumination, or 
ophthalmoscopic observation of the eye or eyes concerned. The 
particular causes which lead to loss of trauBparency in one or moi-e 
of the dioptric media, or otherwise obstruct vision, are as numerot s 
aa the diBordere to which the various paria of the eye are subject. 
The after efFecta of inflammatory lesions affect vision in very 
various ways and degrees. Slight interstitial cloudineFS of the 
cornea may interfere with acuteness of vjjiion by causing diffusion 
of the rays of light which traverse it, and conBef^ueutly in jiroduciiic 
confusion of im^es on the retina j or the opacity may enst to tucE 
an extent, especially if it be central in position, aa to obstruct the 
passage of a lai^e proportion of the luminous rays to the macula 
lutea, and so to prevent all practically useful amount of visual 
acuteness. Again, the central parts of the dioptric media may be 
left c;ear, but the iris may be so contracted and adherent, that the 
pupil, owing to the smallness of its aperi^ure, will only admit a very 
limited portion of the beam of light proceeding from auch illumined 
points of the object before the eye, ao that ita brightness will be 
leBsened to such an extent as to prevent a proper view of it by the 
obeerver. Lesions of the eyelids and other ocular appendsges, and 
many other affections external to the globe of the eye aa well as 
internal to it, which need not be mentioned here, will also induce 
changes which interfere more or less with the visual function. It 
is with the permanent eflfects of these letrions, and the influence they 
exert on sharpness of sight, that the military surgeon baa principally 
to deal, so far aa opticaltitneaa for military service i^ concerned j in 
fteir earlier stages such lesions are matters for surgical treatment. 
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CHAPTEE VIL 

Regulations refcarding Yisual Examinatloii of RecraitB. — Range of Vltkm neeeanry ia 
Recndta.— Order of December 1868 on this Subject. — ^Principlea on whi<di the Circalar 
TeRt-dots were Formed.— Counting Tett-dota.— Target Centrea and BnU^a-eyei.— 
Square Test-dots.— Figure Targets for Range Practice. — ^Viaoal Anglea under whidi 
the Target Figures are seen.— Figure Targets OpticaOy reflnrded. Test-dots and 
Snellen's Test-type*.— Degree of Visual Acuteness shoim by Girenlar Dots at 10 aai 
f> feet.— By Square Dots at 15 feet.— By Square Dots at 10 feet.— Test-dots only used 
for Proying the Minimum of Visual Power allowed.— Directions for Mode of nsiiig 
Test-dot Cards. 

Begnlatlons on Visual Ezamination of Baon&its. — The instrao- 
tions, dated 1st July, 1870, for the medical examination of recruits 
(clause D, para. 3) required that the recruit should be free from 
defects of vision— that "he sees well" It was further ordered, 
in para. 8 of the same clause D, that " the special tests for power 
ana range of vision are to be applied to each eye, as directed 
on the card of test-dots furnished tor that purpose." The revised 
Army Medical Begulations of November, 1878, qualified in a 
certain degree and explained the foregoing re(|uirement of tiie 
recruit "seeing well," inasmuch as while directing by para. 559, 
p. 90, that men presenting " defects of vision " will be rejected as 
recruits, it defined in para. 557 that one of the principal points to 
be attended to in the inspection of the recruit is, " that his virion 
is sufficiently good to enable him to see clearly with either eye at 
the required distance.'' This direction of course implied that it was 
objects of a certain fixed size, viz., the test-dots, widch were to be 
seen clearly at the distance required. The same directions are 
continued in paras. 969 and 970 of the Army Medical Regulations 
of 1885, while, in addition, in para. 986, the mode of testing vision 
by the test-dot card is fully described. 

Under " defects of vision " are obviously included all conditionfl^ 
whether congenital or pathological, of the eyes and their append- 
SLses which mterfere with clearness of view of the appointed test- 
objects at the prescribed distance. The necessity of a proper search 
for these defects is comprehended in the direction m para. 982, 
p. 171, of the Begulations last referred to, viz., "The surgeon 
examines the eyes and eyelids," and is again alluded to in the 
succeeding para., 983. 

Banere of Vision necessary in Beomits. — ^The recruit is thus 
required to possess a certain range and degree of acuteness of vision ; 
and that he does possess this required ranee and power of vision is 
tested by means of the test-dots referred to in the Begulations 
already quoted. It is necessary to undei stand what ran^ and 
{)ower of vision are indicated by these test-dots, more especially as 
they have occasionally been supposed to be supplied for indicating 
that a recruit possesses a complete range and perfect acuteness or 
power of vision. 

At first, when the introduction of long-range rifles with graduated 
aims in place of smoothbore muskets made it necessary to pay 
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3 Uie range mid acuteness of vii 
a made to obtain recruits with full range 
ion. But it was found impossible to 
I puBHeffiiing such fine qualities of Tision in aufHcient 
DumbeFB. and it therefore became neat:ssary to rel&x the require' 
ments in these respects. It was then obviouslj necessary to have 
EM>me standard range and power of sight fixed, such that the proved 
poesenion of them would render men acceptable aa recniite, so far 
as quality of vision via^ concerned, whiie the absence of them would 
render men unacceptable as recruits, 

Ultimittetya particular limit wa£ determined, and this limit, which 
^en became the regulation Htaadard of viauai fitness for army 
recruita, was published in the following order, a copy of wliich was 
ilHDed to eot^ arm.y medical officer : — 




The black centre, 3 feet in diameter, on a white ground, men- 
tioned in the forejroing circular, signified the buil's-eje of the toi^t 
which was aced at that time by trained soldiers in practisiog with 
the rifle at distances from 61IO to 900 yards. The question then 
sfOHe how medical officers were to carry out this instnaction in 
exBiciniiig recmits, there being many manifest difficulties in tiie 
way of ascertaining that men could ge« the actual bulls'-eyes at the 
retpiirod distance umler the conditions in which the examination of 
reeraita is ordinarily conducted. 

Teat-4U)ts tot HUitary Purposes.— I had already suggestfid in an 
article in the Army Medical Heports for 1660, the use of blaxili 
discs, ftirraed on principles exjilained in the paper referred to, for 
the purpose above mentioned. I now prepared some of theaa discs 
on a card, so that when held at a given distance they formed retinal 
imagee of the same sizes as the bulls'-eyes 3 feet in diameter at 
600 yards, and havine submitted tbem for approval, they were 
adopted for ejecting the desired object. The size of each of these 
dtBCs or teat-dots was one-fifth of an inch in diameter, and though 
they were distribut^^d over (he card at irregular distances ajjort, no 
two adjoining teat-dota were placeil with a lees interval between 
tiiem than one equal to their own diameter. The distance at which 
the test-dot card was arranged to be held was 10 feet. This was 
ixiBfadared to be a convenient distance, and the diameter of the small 
tent-dot wa« then found by a simple oalculalion of proportion, viz., 
as 600 yania : 3 feet : ; 10 feet : ^th of an incL The visual angle 
of I^e dot -Lth of an inch in diameter at 10 feet being the same 
B8 that of the lai^ bull's-eye 3 feet in diameter at 600 yards, or, in 
atb er worda, tbs- diameters of the t^wo discs bei&g^ aeenuiiUar equal 
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anffles, and the two discs therefore being of the aame apparent size, 
it followed, other conditiomi being alil^, that if the .recruit could 
distinguish clearly the small bolls -eyes at 10 feet distance, he could 
equally see the 3-feet bulls'-eyes at 600 yards as required. It was 
only for this purpose that the test-dots were deTiaed, — ^to test the 
ability of the recruit to see the 3-feet buU's-e^re at ike prescribed 
distance, not to test the nature of any refractive or otiier visual 
defect which miff ht in particular instances prevent the miniature 
bulls'-eyes from being counted. 

Ooontinflr Test-dots.- It was found by practical trials that re- 
cruits could not be i*elied on for counting c<Mrrectly more than seven 
or eight of the discs at a time, even though they were all sepa- 
rately visible to him, and the small bulls'-ey«B^ or teat-dots, were 
therefore at first limited to this number. But Ui was found that 
the limit in number was made known to the recruits by the 
" bringers," so that the recruits, probably judging by the amount 
of tes^dot card exposed, occasionally guesised-t^ mimber submitted 
to them, although they did not see the dots distinctly. 

To counteract this trick, a larger number of dots was printed on 
the test-dot card, and they were so disposed that hj means of a 
covering card of a certain shape, which could be shifted into six 
positions in front of the test-dot card, twenty-five variations in the 
number and relative positions of the dots oovdd be obtained without 
exposing more than seven or eight at a time. The test-dot card 
was ultmiately adopted in this shape, directions for using it being 
printed on the back. 

Ohanffe from, Olnmlar to Seotanrular Bulla' -eyes. — Subse- 
quently the circular bulls'-eves and centres of the iron targets were 
changed to rectangular bulls'-eyes and ^sentres. This was not done 
for any purpose connected with eyesight in musketry practice, but 
simply in consequence of it being found more easy to paint the 
bulls'-eves and centres accurately upon the targets, either singly or 
in combination, when they were cast with vemcal and horizontal 
lines marked upon them in small squares. In January, 1368, a 
corresponding cnanffe was directed to be made in the test-dots. It 
was ordered that the 2-foot square bullVeye should be seen by 
recruits at a distance of 600 yards, the same distance as that at 
which, by the circular of the 3rd December, 1863, the circular 
3-feet bull's-eye had been ordered to be seen. In arranging the test- 
dots to comply with this order, it was found convenient to have the 
dots made one-fifth of an inch square in size. To ap^dy them as 
tests for carrying out the order respecting range of vision, t<hey had 
to be placed at a distance of 15 feet from the recruit As biefore, 
the distance at which the test-dots were to be held was determined 
by a simple calculation of proportion, viz., 2 feet : 600 yards : : -^th 
of an inch : 16 feet. In other respects the square test-dot cuds 
were similar to the former round test-dot cards. 

Betum to Oiroular Bulls'-eyes. — In March, 1876, the shapes of 
the bulls'-eyes and lines enclosing the centres on the service tar|j|etq 
were again changed by general order. The rectangular outhnes 
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were diacontinued and the circular ontlinea were reverted to. Not 
long afterwards, a corresponding change in form of the test-dot* 
was adopted (W. O, Form I, 1220.) This card of circular test-dota 
now forma the authoriaed teat for service purpoaes in recruit ex- 
aminationa at the present date (1885). 

Teat-dots of W. O. Form 1288 In 1875 a distingnishing War 

Office number was giTen to the cards of equare test-dota, ao as to 
include them in the list of Forms authorised for iasne in the pubhc 
service. They were marked W. O. FojTn I2:i3, and under this 
deaignation were referred to in the revbed Army Medical Regula- 
tions of 1878. 

From an optical point of view, square bulls' -eyea and centres are 
defective aa meana of measurement of the reapective viaual merits 
of marksmen. As the aim of the marksman is directed on a given 
point, and a.s that point becomes the anterior pole of the viaualline, 
the uierit of a particular shot can only be fairly tested by an 
estimate of the radial distance from the central point of vision at 
which it has struck the target. It is evident that with square 
buUs'-eyea and eontres, the sliote of two men striking at the amne 
distance from the central point may he differently estimated. If 
the shot of one has simck in the direction of the diagonal of the 
S-feet square bull's-eye at a distance of 15 or 16 inches from the 
central point, it would count as a " biiirs>«ye," while another shot 
at precisely the same distance from the central point, but in a 
direction [lerpendicular to one of the stdea, would be outaide the 
bull's-eye, and only count as a " centre." 

Tar8«t-oentro« and BulW-oyes. — In rifle drill instruction a dis- 
tinction is made between a bull'a-aye and a centre. The technical 
term "centre " might easily lead to misconstruction, as it does not 
occupy the position of the real centre of a target. Tlie bull's-eye in 
the range-targets hitherto in use has consisted of a black tigure ona 
white ground, varying in size according to the diatanca at ^ich the 
target has been placed, and according to the class of marksmen 
firing at it Outside the bult'a-eye was a white space boimded by 
black lines. The space within these lines and between them and 
the bull's-eye was called the centre. Outside these lines was the 
remainder of the target, and in target practice, the atroke of a 
bullet which neither hits the bull's-eye nor ttie centre, but hits the 
target beyond their limits, is spoken of as an "outer." When the 
rectangular bulls' -eyes and centres were in use, the size of the bull's- 
eye aimed at by recruits and aoldiers of the 1st Class was 2' x 3', 
used for distances varying from 450 to 800 yards ; for the 2nd Claaa, 
2" X 2', for distances from 250 to 600 yards ; of the 3rd Class, 
8" X 1', for distances from 50 to 300 yards. The siKe of the hulTs- 
eye ordered to be adopted as the test for vision was therefore that 
of the buil'a-eye used by marksmen of the 2nd Class. When the 
circular bulls'-eyes and centres were re-introduced, the diameter of 
the bull's-eye for the 3rd Class was 1 foot, and was fired at by 
recruits from 100 to 200 yards, and by triiined soldiers from 200 up 
tA 300 yards ; of the 2iid Class was S feet in diameter, and waj 
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fired ai by recraite from 300 to 400 yards, and by txained Mldien 
from 500 up to 600 yards ; of the Ist Class was 3 feet in diameter, 
acid was fired at by recruits from 500 to 600 yards, and 1^ tnined 
soldiers from 700 to 800 yards (see Bifie Exerdse and Muskeliy 
Instruction, 1879, Part YI, p. 245, &&). The bJack drcnlar tw** 
dote used in trying visual power, had reference, tfaeirefiMce^ to the 
bulls'-eyes used by maxkj^men of iJie 1st Class. Still more reoenAly 
further changes have been made By the lateet r^gnkiamw 
(Musketry Instruction, Pttnrisional, 1884 ; and Ck O. 38, Maivh* 
1885), the bulFs-eye on the 3rd Class target, wJuch is fired ai by 
recruits from 100 to 200 yards, is 12 inches in diameter ; the 
bull's-eye of the 2nd Class target, fired at from 300 to 400 yacd% is 
2 feet m diameter ; that of the 1st Class target, from 400 to 500 
yards, is 3 feet in diameter. The 3rd Class target is ^red ai hir 
trained soldiers in their annual course of practice at distaneee 
varying from 150 to 300 yards ; the 2nd Class target^ ^na 500^ to 
600 yards ; and the 1st Class target, from 700 to 800 yards.. 

Visual Angles subtended by the Tarcret Bims'.-eyes at dlflteent 
Distances. — There is only exceptional imiformity in respeot to the 
visual angles which the bulls'-eyes subtend at the different Hia<.^ |p!<»« 
they are fired at. The 12-inch bull's-eye at 100 yards has ai 'viaual 
angle of nearly 12' (11' 28"), and consequently the same bull's-eye at 
200 yaids, the 2' bull's-eye at 400 yards, and the 3^ bnll's-^ye at 
600 yards, are all seen under equal angles of 5' 44". The 1' bidl's- 
eye at 300 yards, and the 2' bull's-eye at 600 yards,, are each saen 
under visual angles of 3' 50". The 3' bull's*eye at 500 yards 
distance has a visual aujde of 6' 54", while at 800 yards it has a 
visual angle of 4' 18". The largest visual an^ presented by a 
bull's-eye at any distance is the 1 foot bull's-eye at 100 yacdi 
distance, viz., 11' 28", and, therefore, having the largest apparent 
size, sliould, other things being alike, be the most distinctly visible 
to a marksman. As by Snellen's standard such plain black objects 
on a white ground ought to be seen by an eye of average normal 
aouteness of vision under a visual angle of one minute, or by 
Burchardt's sight-tests under a visual angle of 2*15 minutes, it 
follows, that in a good light in the open air, if the atmosphere be 
clear, the tax on visual power in regarding the bull's-eye at target 
practice as hitherto employed, has been by no means a severe 
one. 

X'iffure Taxgetn tor Banse Practice. — A notable chanffe has veiy 
recently (March, 1885) been made, in the targets used for range 
practice' both by recruits and by men in the ranks at the annusl 
courses of practice. " Figure Targets " and '^ Head .and Shoulder 
Targets," which were previously restricted to so-called *' Field 
Practices," have now become the ordinary targets for range practice. 
The bulls'-eyes and circles defining the centres are retained, but are 
so painted as to be no longer visible to the men aiming at ike 
targets, with one exception, which is in the case of recruits firing at 
the 3rd Class target, when the bull's-eye is ordered to be msuued 
whita In all otner cases a black figure representing the shadow 
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of a maa -is to be painted pn the taraet, and to be the object 
aimed ^t, the bulk'-uyea bein^ only marked in outline. This figure 
iu each target ia 6 feet in height, 2 feet aerons ftt the part repr»- 
Hsottng (he aliuulders and upper part of the trunk, aud 1 foot 
a«atMB iu the parts reiireuenting the face uid lower extreinities. 
Th« boll's-eye aud centre-line are so marked that although thej are 
nol diatinguiahable by the firer they are visible to loarkera in tJw 
butts oeur the targets. The reipective values of hits upon different 

Crtu of the targets remaia equal to what they were when the 
ITs-eyes and ctmlres were visible to the Brera, a hit in the centre 
bein^ valued at throe-fourths of a hit in the bull's-eye, and a hit 
outaide the centre, as half the value of one on the bull's-eye. In 
cartain practices hits on the Hgure only have a value, and the value 
is equal, whatever part of the figure may be struck. For ranse 
practice in the 3rd Class target only one figure is shown, in tke 
Zod Class target three figures placed side by side, iu the Ist Claas 
tvgtet four figures, while in the targets for volley and independent 
firing either six or eight figures are placed side by side according t« 
distance. It may be advantageous maome cases to be aware of the 
d^ree of visual acutenesa which is required for thaee figures to be 
seen at the distances at which they nave to he fired at, and this 
knowledge con be best obtained by ascertaining the visual angles 
under which they are presented to the sight of a tirer. 

Vfaual Angles of Tar^t Vlgaiea at di&isnt DlatajioeB. — The 
titrget figures are placed for practice at distances which vary from 
100 to Sim) yards. The visual angles under which tlie bulls'-eyes in 
the several classes of targets are presented to the hrers have been 
«li*ady named. The visual angles which the ti-ft. figures subtend at 

r " 

^^^^■hs visual angles formed by the breadth of the figure, tHitb the 
^^DBftder and narrower paria, may be at once determined by the fore- 
grang table, for the visual angles subtended by the parts 2 fe«t 
acTOBB will be one-third, and by the part 1 foot across one-sixth of 
the dimensions of the visual angles under which the height of the 
figure ia seen at the different distances specified in the table. In 
like manner, on three figures being joined together in the 2nd Class 
tMXet, and four figures in the let class taj^t, the visual angles under 
whi«h the oorabioed broiid parts of the joined figures are seen will 
' 'f i{^ll4iieB0f tlienBUslfmglewibtMtded by theconeepcma- 
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in^ part in the single figure. In the find daas target the width at 
iAna part will be trebled, and will be the same as the height, yiz., 
6 feet across ; in the 1st Class target in which four figures are placed 
side by side, tiie width acF06» the body will be 8 f ee^ and the visnal 
angle wiU' be increased by an extent eqoal to one-third of the yisual 
angle under which the height of the 6'feet figure is seen at equal 
distances; 

An acquaintance with the sizes of the visual angles subtended by 
the figures on the targets at the various distances at which they are 
placed for range practice will enable a medical officer to detemine 
now far any soldier, whose acuteness of viaon for distant objectB 
has been previously ascertained, is competent to distingiush them 
for practice ai» a marksman, light and other conditions being alike. 
The fact that the visual ancle is greatest in the vertical direction in 
the 3rd Class target, while it is greatest in the horizontal directioD 
in the 1st Class target, will also call attention to the influence that 
may be exerted on vision if the eye of the firer happen to be 
astigmatic in formation. 

Fiffnre Targreta optically reffarded. —It is obvious that from an 
optical point of viewj and also as regards relative merits in respect 
to accuracy of aim, the figure targets in those practices in whicn a 
hit on any part of tibe figure has an equal value, while a hit any- 
where outside it is recaraed as a miss, are open to the same oblee- 
tions as the square buUs'-eyes and centres. Optically regarded tliey 
are by no means of equal value. A shot at the bottom of the 
figure, about 3 feet from the centre, cannot have the same optical 
yiiue as a hit which may be under a foot in certain directions from 
the centre, and yet is not admitted to be a hit at all in musketry 
exercise. On the other hand there are certain advantages in the use 
of the figures : whether single or in groups, they more closely 
resemble the objects a soldier would have to fire at in warfare than 
circular bulls'-eyes and centres ; and the aimunent that a hit anv- 
where wiU cause a womod which would disable an enemy probably 
explains the fact of their bein^ estimated at eaual values in the 
musketry practice, whatever their distance from tne centre may be, 
so long as the hit is within the outline of the figure. The men 
under iustruction are still tauffht to try and hit the centre of the 
object aimed at, on account of Sie margin this allows for variations 
in direction and elevation, and it is in accordance with this principle 
that the circles representing bulls'-eyes and ccDtres are retained, 
though they are only visible to the markers in the range practices. 
They enable the superior quality of the marksman to be shown who, 
without seeing a distinct bull's-eye to aim at. can place his shot 
nearest to liie centre of the figure or group oi figures. Although 
certain advantages may attend the plan of attaching equal values to 
hits irrespective of distance from the centre of the object aimed at 
in some practices, it should not be forgotten that the principle of 
making no distinction in the value of the shots is not a right one, 
optically regarded|. for it puts different degrees of accuracy of 
«im> and probably different qualities of si^t^ all on the same 



level. A man who only hita the target at the difltanee ot the heswi 
or foot of the 6gure, may not be able to fire more truly owing to 
some vianal <iefect, and the tiret in conBequence may relatively be 
little to be depended on as a practical inarkaman, ea{>ecially under 
different circumislaDcea of illumination and conti'ast, on oUier oiKU- 
tnoua of more importance. 

Teat-dots iutroduoed ajuosff Snellen's Test-types._-A1)0Ut the 
time that the circular teat^dota were introduced, an edition of 
Snellen's test-ty]>ea waa printed for distribution omoug the medical 
officers oi the British army.* Dr. Snellen at my request introduced 
the toat-dots among hia teet-typea, and it may be observed that Le 
placed above them the uumbei' 54, to indicate the number of Paris 
feet at which the test-dote ought to be held for testing normal 
acut«nesa of vision. At this ^stance the test-dots would form a 
visual angle of the 60th iiart of a degree, wliich, as already ex- 
(damed. Dr. Snellen has taJcen as the amalleet visual angle under 
which an object is visible by an eye posaesaing average normal 
acatenese of vision under ordinary conditions. 

But as all Dr. Snellen's types and Hgures are rectangular ofajecta, 
while the test-dota introduced among them are circumr, it follows 
that a dUference of calculation was required for the test-dots. The 
difference between the area of a. circle and the area of a square 
should have been taken into accounL The area of a square to that 
of a circle ia as 1 : 0'T654, and taking 64 feet as the distance at 
which a rectangular object one-fifth of an inch square should he 
seen by normal^ acute vision, a circular object one-fiftli of an inch 
in diameter would, in proportion, be only viaible by an eye of 
nonuaily ai;ute vision at a distance of about 4.3 feet. 

If all recruits could read, it would be far better to use types of 
definite sizes, such as Snellen's, for the examination of vision. The 
visual acuteneaa could be definitely registered, or the posaession of 
any fixed standard of power of sigbt determined. But as by the 
latest returns (Army Medical Eeport, 188-1) nearly 14 per cent. 
(13'8) of all the recruits who seek enlistment are unable ia read, a 
simpler test, such as that of merely counting a ficw spots of certain 
size at a given distance, is rendered necessary. 

Sasree ot Visual Acuteneaa shown by OonutiuB' Vim Oircnlar 
Teat-dotH at 10 feet. — It has been mentioned that the circular test- 
dots one-fifth of an inch in diameter when firat introduced, were 
ordered to be held at 10 feet distance from the recruit, this distance, 
so for as concerned the production of the image on the retina, being 
equivalent to that of the bull's eye 3 feet in (fiameter, when seen, as 
Omered, at GOO yards. As already esplallied, similar teat-dota held 
at the same distance, are again employed for testing the vision of 
recruits, and form the authoriaed standard by which their acceptance 
or rejection is at present regulated. But it has been shown that under 
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Aveni£[e normal acuteness of Tiaion theydMNikl be wen at adiatanoe 
of 43 feet. TheFefore, since 10 : 43 : : 1 : 4*3, it follows thai recruits 
accepted under the limit of the visual test just named, are accepted 

with 4Tth8, or nearly one-f ouith, of normal acoteiiaaB of wiman. In 

other words, if Snellen's test-types were osed instead of the test- 
dots as the standard of yisual sufficiency, a recruit would be 
accepted who could only read the 20-feet type at a little nnder 

5 feet distance (4 feet 8 inches) instead Of the full distance of 
20 feet. 

Visual AcntaneMi •bown by Oonntinr the Otroiilar Test-deto at 

6 feet. — It is ordered in the Regulations for the Militia, 1883, p. 32, 
that a medical officer in the examination of a militia recruit, is to 
ascertain " that his vision is good, -or at least sufficiently good to 
enable him with his ri^ht eye to discern objects dearly at not le« 
than 300 yards ; " and it is laid down in the directions on the back 
of the test-dot card in present use, that the test-dots are to 'be 
counted by a militia recruit at a distance of 5 feet, in aooordance 
with the requirement just named. It follows, theref(»-e, that a 
militia recruit may be accepted who has only half the Tniniwrnin 
allowed for a recruit of the regular army, or between ^h and ^ 
of normal acuteness of vision. If Snellen's types were used as the 
test, then a recruit would be accepted for the militia by the 
regulated standard, who could only read the 20-feet type at a dis- 
tance of 2 feet 4 inches, instead of the normal distance ef 20 feet. 
This equally applies to recruits for all departmental corps. 

Visual Aeuteneas shown by Oountinr the 0<iiiare Teat-^tots at 
16 feet. — The rectangular test-dots one-fifth of an inch- square had 
not been introduced when the English edition of Snellen\i tett- 
types was published. Had they been, the figure 54 would have 
been rightly attached to them as showing the number of feet at 
which they ought to be placed from an eye in proof of normal 
acuteness of vision. The order required the 2 feet square bull's- 
eye to be seen at €00 yards, whien is the same as Tequiring the 
^" square test-dot to be seen at 15 feet; for S' : 6CK) yards :: 
0*2 inch : 16 feet. But as for normal acuteness of vision by Snellen's 
standard, they should be seen at 54 feet ,** it fc^ows tiiat reeruits 
were accepted when these dots were held at 15 feet, with -only 

^ths of the normal standard (15 : 54 :; 1 : 3*6). 

* (klcuiaUon of BiaUnm triik rupui to Fittud il«^«.r— Tbe cUttanee at whidi an 
object, the measure of whofo extreme limits is ImowHt onght to be placed in order to 
mbtend an angle of one minute may be roughly ascertained wftSioat diflScnlty, for the 
mdhia of the circle of vhidh thMjateaion forms part nadar ths angle named will girefny 
cloaoly the distance Toqnired. 

Thus, taking the square test-dot nnder notice :— >If an object 0*2 of an inch in measure 
occupies 1 minute of a tircle, 1 degree of the einde win be^^nal to 12 inches, and ttie eir- 
cumleTenoe wiU be HO feet. The diaaMfter being eqnal to .tbe dnmmferenoe dirided \ff 
8*1416, the radius will be 67 English ftet, omitting fractions. Therefore, at 67 feet distance 
the yisual angle of the 0*2 of an inch test-dot will be one minute. All the distances in the 
English editton of £hiellen*s test-types <1804) were stated in French feet, and as the ratio ojf 
English to French feet is 46 : 49, so, omitting fractions, the 67 English feet would be equal 
to'M Fniioh'fs«t,|lie nuartwr sta tad a bof 'tte tsstidols in «n41eii<v«KMss. 
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Sedactlon of Sistaaae fOr tlka aqnara Tamt-dotB 'by Older of 
August, 1870 — In August, 1870, the followuig circulw modifjing 
the stjmdani of viaion to be Uetermined by the teat-dots wan 
issued :^ 
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By this order a further reduction in vimial aortenesa took place, for 
myopio recmito were to be taken who could reuogniae the test-dots 
»t 10 feet only. The standard of visual acutenesa was lowered from 
-^'to ~ oi the standard of average normal acutenesB of vision. 

Baduction of raqLulred Visual Acutenesa limited to that aauaad 
by Uyopia. — It tiliuuld be noticed that the cireuliu limited this 
depression of the standard to cases of myopia, and it threw on the 
medical officer the responsihilitv of distingiushing between defective 
vision due to short sight, and that resulting from other ocular 
abnormaJ conditions or disordera. The medical officer was directed 
to adhere strictly to the nei:«Bsity of only accepting a, recruit with 
v'mon m^iealli/ f/ood lo enable him to see dearly ;^ only the range of 
vision within which myopic recruits were required to see clearly 
wtis curtailed. At the present tjme no special limitation is in force 
as regards myopic relatively to other recruita. The existing regu- 
lations require that the circular teat-dota shall be seen distinctly 
enough to be counted correctly at a distance ot 10 feet by aR re- 
eniila of the regular army alike, excepting those for departmental 
ooipe. 

auolltT of Viaion tested by the Sota a Uliiiiiiiim Quality.— It 
is not to be forgotten that tlie examination carried out by the card 
of 'test-dots is fura minimum quality.and that an unknown number 
of recruita, probably a large proportion who are passed lit for ser- 
vice under ite application, have a range of viaion far beyond that 
which ie indicated by the trial. The preciae number of men ad- 
mitted into the service who possess a farther range and higher 
degree of acutenesa of vnsion than those demanded by the authoriHtd 
teat-dot standard could only be ascertained by testing the full range 
and acutenesa of viaioii of eudi individual who is enlisted. 

Snlea for tiie Uee of Che Teat^ota. — When employing the test- 
dote tor trying the powe«' and range of vision of recruita, it la 
important that the mlea laid down for the manner of using them 
should be duly attended to. The following are the directions 
printed on the back of the testn4ot card of the present pattern 
(No. m I Gan. No. 4909. June, 1B85). 

"•"S^ dot" correaponda, at a distance of 10 feet, with a bull's- 
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eye, 3 feet in diameter, at 600 yards. This is the range of visioii 
required for recruits for the regular army except those for depart- 
mental corps. 

ZHrectiom for ming the " Test-dot Cardf 

1. Place the recruit with his back to the light, and hold the test 
card perfectly upright in front of him, letting the light fall fully on 
•the card. 

2. Measure off with precision 10 feet, in the case of a recruit for 
the regular army, and 5 feet in the case of a recruit for a depart- 
mental corps or the militia, the range of vision required for such 
corps being only 300 yards. 

3. Examine each eye separately. The eye not imder trial should 
be shaded by the hand of an assistant, who will take care not to 
press on the eyeball 

4. Expose some of the " dots," not more than 7 or 8 at a time, 
and desire the recruit to name their number and positions ; yary 
the groups frequently to provide against deception. 

The Test-dot Card must be kept perfectly dean. 



CHAPTER VIII. 

Mode of Conducting the Visual Examination of Recruits and Soldiers.— Appliances used 
in the Examination.— The Examination Boom. — Each Eye to be separately Tested.— 
Defective V. of either Eye causes rejection of a Beemit.— Pressure upon the Bye to 
be avoided.— Application of Test-dots.— BeUtive V. of Bight and Left Eye.— Pro- 
cedure if Imposmon be Suspected.— Secondary Inspection of Recruits. — Field of V. 
—Visual Examination of Soldiers.— Application of Snellen's Test Types.— Te aaeer^ 
tain the Sources of Defectiye V.— Preliminary Inqpectitm of tlie Front of the Bye.— 
Lateral Illumination.— Detection of Myopia.— flypermetropia.— Astigmatism. — Am- 
byopia, how to distinguish from Myopia.— Amblyopia complicated with Myopia.— 
Disqualifying Degree of Myopia, 'Hyperinetox>pia,Astigmatismf and Ajnblyqpia.— 
WealL y. from other Causes.— Colour-blindness.— Degree of M. which does not dis- 
qualify for Service.- Visual Quality essential for Soldiers.— For different parts of an 
Army.— Degree of M. which disqualifies for Service.- Myopic V. of ^ or 1*76 D.— 
BL = jiV or 1*26 D.— Ametropia in Continental Ajmiesw— Spectacles not worn by 
soldiers In the Ranks.— I^iectacles at Musketiy Instruetion.— V. necessary for Gom- 
miss'oned Officers.- Dedaration concerning v. by Candidates lor Commissions.- 
Blindness of One Eye.— Quality of V. required for the line.— Oorrecting Glasses at 
Visual Examination.— Attempts at Deception.— Quality of V. required for Medical 
Staff.— For the Royal Artillery and Engineers.— For Special Instruction at School of 
Musketry.- For Rojnsl Navy.— Impaired Vision of one Eye in a Soldier not a oanss 
for Discharge.— Aiming with the Left Eye.— Detection of Sinmlated Impainnent of 
y._Assumed Blindness of One Eye.— Modes of Detection.— Case in Illustration.— 
Assumed Defective V. of Both Eyes.- Modes of Detection.^Oase in Illustrmtion.- 
Simulation of Defective V. seldom attempted by Soldiers. 

1. Visual Examination of Beoroits. — ^The visual examination of 
a recruit by the test-dots need not occupy, under ordinary circum- 
stances, more than a few seconds of time. When it is considered 
necessary, for special reasons, to determine further the quality of 
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vleion of a recniit, bm when the evidence afforded by the teat-dots 
leaves some ground for doubting ita accuracy, the additionul eiami- 
nation may perhaps occupy 10 or 15 minutes. It ia best therefore 
to (Jlow the recruit to dresa himself before the Tiaual exrimina,tion 
is begun, and to make it after the rest of the inspection of the 
recruit has been completficl. 

2. Ajpllanoea for VlapaJ H^araJnatlon. — If a particular esami- 
natioa of the quaKty of viBion of a recniit ia required, it must be 
made in the same manner as the Tisual examination of a soldier 
who is already in military service. The ordinary ophthalmoscopic 
and optical caae is sufficient, iti conjunction with the typea and dots, 
for proving the quality of vision posseaaed by a aoldier in all ordi- 
nary instances. For specif purpoaas a complete caae of trial lenses 
is necessary. Full seta of lenses aSord facilities that cannot be 
obtained by any other means for solving complicated cases and 
detecting attempts at imposition, and are therefore especiallj useful 
in genem and mvaliding hospitals, to which such cases are coiu- 
moSy sent for decision. They also afford the means of provipgthe 
existence and estimates of abnormalities of refraction, or amounts 
of loss of accoramodutory jwwer, which have been otherwise diag- 
nosed, by positive correction of the defects. 

3. Bxamlnatlon Boom. — All rooms ill which the examination of 
recrnits ia conducted should be well lighted. This ia especially 
important in testing vision. The light falling on the test-objects to 
be looked at should as nearly resemble the condition of ordinary 
yxtemal daylight as poasihte. At the same time the eyes of the 
men to be examined should be habituated to the degree of h^ht 
prevailing for some minutes before the examination is made. The 
test would not be an accurate one if it were suddenly applied to a 
man who had jivst left a place that was either much darker, or more 
brilliantly lighted, than the examination room. 

It ia a matter of convenience and also a means of saving time 
to have some lines, showing distances in feet, [lermanently marked 
in ink upon the floor of the room in wliich Snellen's types or the 
miniature bulls'-eyea are used. Whenever the space is available the 
dietance should extend at least to 20 feet. The addition of a simple 
stand for suspending a table ot Snellen's typea at the end of the 
20' range is also useful. They should be suspended on a level with 
the eyes of the person to be examined. 

In conducting the examination the soldier or recruit is placed 
with his back towards the window or source of light, so that while 
his eyes jtre in relative shade there is a full illumination of the 
types or dots by which his sight is tested. 

4. Eteparate Bzamination of each Bye. — It is always necessary Ui 
teat each eye aeiiarately. It will not often be found even under healthy 
conditions that the absolute refractive qualities of the two eyes of 
the same person, independent of accommodatory exertion, are pr«- 
ctsely alike; but in defective conditions of vision the difference 
between the two eyes ia usually more marked. It has not unfre- 
" ' ~ "7 occurred that a man lias been blind in one eye without 
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knowing it, until attention hms been directed to each egre jepa- 

rately by optical examination. 

5. Defect of Vision in either Bye of a Beorolt. — ^Under exieting 
rules, the existence of defecthre vision or disease in either ^e is a 
cause of medical rejection of a recruit seeking enlistment. Thoiu^ 
the right eye may be sound, if the vision of the left eye be .so de- 
fective as to prevent the recruit from being able to count the twt- 
dots with it, and the defect is the result of former diseased actioii, 
not simply of conformation, the orders are that he must be rejected. 
He must see clearly with either e^e at the regulated distance. In 
the former days of lon^ service with the colours, the chances of the 
flight of the sound eye becoming independently affected b^ disean 
onginatLug in the exposure and causes incidental to mihtary ser- 
vice, and of the man thus becoming completely disabled for duty, 
and entitled to claim a pension, doubtless had an influence in detsr- 
mining the rule that not only the right eye, but the left also^ of a 
recruit should be ascertained to be up to the authorised standard of 
visual acuteness before he is paased fit for acceptance as a soldier. 

6. Pressure on the Eye. — In ^xftmii^W the eyes sejiarateljr, an 
assistant should cover the eye not occuniea in refi^irding ihe opjeet, 
and not the man himself. If the man oe allowea to close it, he will 
probably, from carelessness or nervousness, ex^ undue pressure on 
the glooe, disturb its condition for clear vision, and cause delay 
until this disturbance is recovered from. The assistant who coven 
the eye shofdd be taught that if any pressure be made it should be 
limited to the margin of the orbit. The object is simply to exclude 
light by closing tli^ lids or shading the light with tne hand ; the 
eye itself should not be pressed upon« if undue pressure have 
been made, it will be necessary to wait a minute or two until the 
eye has recovered its normal state and all mistiness of vision has 
disappeared before applying the test for visual power. 

The eye which is to be prevented from seeing should be covered 
by the palm of the hand of the assistant, formed into a hoUow for 
the purpose. If the fingers are employed, they are apt to pcem 
upon the globe, and there ma^ inadvertently be vacant spaces left 
between them ; and either accidentally, or intentionaUpr taking ad- 
vantage of the opportunity, the eye not under examination .may look 
through one or otner of these openinffs. 

If a trial case of lenses be available, it is still better to use the 
spectacle frame, and either a ground glass or opaque metal disc, both 
of which are supplied with such jcaaes, in front of the eye not under 
trial Not only is pressure on the fidobe thus prevented, and All 
chance of the person seeing through cninks obviated, but there is no 
tendency for the patient to exchme ihe eye from vision by forcible 
closure of the eyelids. 

7. Application of Test-dots. — If the man under examination be 
a recruit, as soon as he is dressed and placed in position, the test- 
dots are held upright before him at the prescribed distance — 10 feet 
in the case of a recruit for the regular army, and 5 feet for militia 
and departmental corps recruits—and he is asked to stale the 



I- of dote exposed to his view, in the manner aiimady eix- 
plained at page 136. He ahould be required to uount nud deficrihe 
Utaipositions of two or three aeriea of dots with each eye, and if he 
Kpliee reiidily and sitiBfactorilf, so far aa power of visitm is coo- 
ccgmed, lie is iit for aervice.* 

a. SeJeotlou of a Be(nUt.-~If the recruit sliould make rq)eat«d 
mistukes in counting the number of dota preaenteil to him at tlie 
piieaczibed diataiiue, and tJiere is no reason for suspecting that be is 
doing otherwise than hia best to try to aee them ctearly, e8]>eciai]y 
if he ahoald succeed in counting them correctlj when they are held 
at Bcme point nearer to him than the prescril)«d distanoe, he is then 
rejected as unfit for aerrice on aocount of "defective Tiaiou." The. 
regnlatious do not require tha.t the nature or degree of the defect 
shonld be particularly atated aa regaida recruits at their firet inapec- 

3, BetatiTo TiBoal iumtenesB of the Two Byee, — Aa recruita in 
aiming and tiring practices are taught to use the right eye only, ttie 
l«ft ming closed, it aeema worti eonaidtu^tion whether it is necea- 
aary to insist on men seeking enlistment having an equal range and 
power of sight in the left aa in the right eye, particularly under a 
B^Btomof engagement for short aerrice. Compliance with the autbo- 
riaad standard of visual power does not exclude a man who has 
aimple myopia of about 1'5 D, or -^. And eu[)poBing this to be the 
degree of M. of his right eye, altliough the M. were aa bigli as 3 D, 
^ in his left eye, there haidly aeema to be any valid reason against 
accepting him as a recruit Even if tJie visual acuteness nf the left 
^ewere lowered by the myopia befaig complicated witJi astigma- 
tiom^ BO long aa the visual defect is one of refraction otily, not one of 
M^ morbid origin involving a liability to recurrenoe of the disorder, 
it would not prevent him from seeing pretty well for certain dis- 
buicea, and of doing ordinary duties in the ranks and in marching, 
and there hardly seems to be good gixiund, tlierefore, under ths pre- 
aaut system of uaing the rifie, for rejecting him aa a recruit if he be 
eligible in all other respects. 

The quality of vision of the left eye aeems to be re^;arded aa of 
minor importance in the case of recruita for the nulitia, for it is 
apeoified, with regard to the medical examination, that one of the 
principal pointa to be attended to is that the recruit's vision is good, 
or at least sofBeiently good to enable him with his right eye to dis- 
cern objects clearly at not less than 300 yards, while no ijitality of 
viflioQ ie referred to aa regards the left eye.^(Beg& for the Militia, 
W.O. 1883, Part I, sect. 2, p. 32.) 

10. Defective Vision ftram Loss of Transparency in some of the 
Anterior Dioptric Kedia. — Diminished translucency of the central 
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portiona of the oomea conBequent on keratitifl» difftned deposit ol 
lymph on the capsule of the ciTBtalline lens after iritis, and indeed, 
cloudiness of the anterior media of the eye from any cause, even 
though they may not exist to such an extent as to be readily olmooB 
to external observation, cause indistinctness of vision from the dif- 
fusion of the rays of light by wMch the structures concerned happen 
to be traversed. If the loss •f transparency is not considerable, the 
circular test-dots in present use may be counted at a distance of 
10 feet in a good light, but it may l>e found that a recruit cannot 
count them beyond that distance. It is questionable, unlew there is 
an urffent demand for recruits, whether a man should be regarded 
as fit tor military service under <sueh condittons, especially if the 
right eye is concerned, although he is able to count the test-dots at 
the prescribed distance. It is not merely that a maximum limit of 
10 feet in counting the test-dots represents rather less thim <»ie- 
fourth of Snellen's standard of visual acuteness, but in a large pro- 
portion of such cases a liability to recurrence of inflammatory action 
exists, and should this take place an aggravation ei the existing 
defect is almost inevitable. 

11. Proceduie when Imposition is suspected. — In the British 
service, as recruits are for the most part men voluntarily seeking 
enlistment as soldiers, not like the majority of conscripts in Conti- 
nental armies trying to escape enlistment, if any efforts at all are 
made by them to practise imposition, they will probably be directed 
to the concealment of any defects of vision they may labour under, 
rather than to their exaggeration. 

If, however, there is cause for suspecting that the man who has 
volunteered for enlistment has changed his desire on the subject, 
and that he is trying to escape frc«n the bargain he has so fur 
entered into by assuming a defect of visual power which does not 
exist, he must be subject^ to further tests before he is pronounced 
unfit for service on this account. 

12. Visual Examination at Secondary Inspection of Beomits. 

Many instances have occurred in which a recruit at first examina- 
tion has been passed fit in respect to visual power and range, but on 
being subjected to secondary inspection, has been found unable to 
count the test-dots accurately at the -proper distance with one or 
other eye, or even with both eyes. At the secondary inspection, 
when the test-dots are placed before the man, he may perhaps ffive 
a succession of wrong replies as to the nimiber of dots exposed to 
his view, and in some instances under such circumstances is at once 
regarded as unfit for service. Great caution should be exercised in 
such a case as to the rejection of a recruit. The i»:esumption is 
certainly that he was properlv tested at the first examination, and 
that for private reasons he aoes not choose to count the test-dots 
correctly at the secondary inspection. Unless there is some evident 
ocular defect which has obviously been overlooked at the former 
inspection to substantiate the man's statement, a case of this kind is 
calculated to excite strong suspicion of the disability being feigned, 
and systematic steps should be taken to ascertain whether the man's 
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Btatetnenta are tme or false. This can be done by ascertaining the 
uiun'a alleged aciiteneaa of vision when the test-dote are placed before 
him, and then oompariag it with the ruaulta otitainetl from the 
applicutiou of other test objects, Snellen'e types, for example, as 
^sewhere explained. 

The following ipecial direction on this point appears in the 
recently published Army Medical Eegulationa of 1886, pani. 987 :^- 
" A recruit whose vieioii has been tested and pronounced good on a 
primary examination, will not, through hia own declared inability 
to Bee the test-dote on secondary ezamination be rejected, nnlem the 
approving medical officer ia satisfied that the man's vision is really 
defective and no deception is being practiEWcI by him." 

13. Field of VUlon. — It is important that a recruit should not 
only possess sufficient central acuteneaa of viujon, but that he should 
also have his field of vision complete in both eyes. Loss of the 
outer or temporal portion of the field of view of either eye from any 
cause especially unfits a man fer military duty, for it disables him 
from noticing and consequently from properly steering his way 
among the objects by which he may be surround&i on the defective 
aide. A considerable portion of the lateral field of view belongs 
solely to the eye on the side concerned, and a deficiency in it is not 
ill any degree supplied or oompensated for by the eye on the oppo- 
site side. The temporal portion ia not a part of the field of view 
which is common to both eyes, and should this portion be absent, 
objects on the aide concerned would not attract observation or atten- 
tion 80 long aa a soldier may be marching and looking directly 
forward. Tlie manner in which the existence of deficiency in part 
of the field of vision ia to be ascertained, has been described else- 
where (see page 7). 

14. Yianal Bxamlnatfaui otTEiaiued Soldiers When it is neces- 
sary to determine the acuteuess of viaien of a soldier already in the 
service, the general manner of conducting the examination is the 
same as with the recruit, only the test-typea should be used instead 
of the test-dota. The trial by the test-dots at a prescribed distance, 
aa before explained, has been specially ordered for men seeking 
admission into the army. In the cases of trained soldiers already 
serving, a closer and more complete examination is required, as 
important issues depend on the decision at which the surgeon may 
arrive. The question usually submitted to tlie medical oflicer is 
whether the inefficiency of a soldier who shows himself to be a 
specially had shot at particular distances at the range practices, or 
in the field practices, at the annual course of musketry instruction, 
or who shows himself incapable of judging distance with an 
approach to correctness, is due to some visuaT defect or not. The 
nature of the defect, if defect exist, and the extent to which it 
disqualifies the man for duty, have therefore to be ascertained and 
stated with accuracy. 

15. trae of Saellen's Test-typea. — In such cases the ecutiineBB of 
vision must first be detennined, and this ia very easily done by 
SiieUett'*' teat- types or test-figures. The mode of aacerUining and 
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agpu Maing iinpacnteiM— ol tiaon by these objeetv has beeS'expiuaied 
ai page 116. 

16L Vision; not Daiioti^e. — If these teste are se aaswereel as to 
show the man under examination possesses average nonBai aeute^ 
ness of vision, or a near approach to the averaee^ all morbid states 
of the eye^ such as limitaiion of the field ol visioit, asi well as (hs- 
orders of its a^ppendages beinr understood to be exetod^d^ tl^ sub^ 
jeots of complami are manif esSy not due to* Tisnal deleet> 

17i Frooednxa if Vision be Deteetivie^If th^ ae s rt e po ey of Tinea 
ia prored to be considerably under the aTerage^ the cause* d the 
di9n(»eacy must be ascertained. The mode of proceeding is the same 
in such a case aa it is in the ocular ezaminati<ni of » recruit -who Iiai 
shown want of abilily to* count the test-dots at the preseribed dis- 
tance, and whose apparent. visual defect is suspected for some xeason 
or other to be assumedi^^ 



In the first instance, particular and speciai attentioa must be-paad 
to the examination of tne anterior- ocular strueturesL The oomea. 
anterior chamber, irisy and crystalline lem of the affected eye should 
be subjected to minute observation. In the case of a recrrrit, 
defects may possibly exist in these structures sufficient partially te 
absoure vision whidi were not pereeived- in the observation- of the 
eyes made at the general inspection^ although this eovM: hardly 
occur if the tests for eyesight had been properly applied. They 
may equally ewt in the case of a soldier serving in ^e ranks with- 
out being visible by ordinary observation as the result of seme 
inflammatory action to which the eyes have been* subjected. This 
preliminary inspection is important^ andshould invwiaUy be made. 
Gonsiderabla tune is often wasted' afterwards when it lEa» beenr 
neglected. 

18. lAterel lUuminatijnb — The superfi<Hfd ^Ksmmatiott is very 
lapidly made by laiercA iUttmrnation, and' indeed can only be 
tibEoronghly aocomplidbed by its means* Lateral' illumination ngm- 
^SB^ lighting up the parts required to be observed by otmoentrating 
upon t^em a pencil of rays cast in an oblique directicm. The man 
ia brought near the window of the n)om, one of the bi'-convex object 
lenses in the optical case is placed vertically near the outer angle of 
the eye imder observation in such a way that the light passing 
through it. is made to converge upon the cornea, or t£rough the 
cornea on the iris or lens, and the condition of any of these 
structures is then examined by the spectator standiiqf in front 
This lateral illumination is of course more brilliant^ seen when the 
flame in the ophthalmoscopic room is used as the souice of Mght^ 
but is sufficientiy marked by solar light on any ordinarily dear day; 
By these means the slightest roughness of the surface of the cornea, 
interstitial haziness, minute, ulcers, or the remaine of thetU) Cbm 
exudations ai the margin of jthe pupil, posterior Byn»cMm, com- 
mencing cataract, are made most obvious to si^t, while' the penefl 
of rays at or near its focus is made to piay upon each structure at 
pleasure. Nothingcanbemorebeautiful than the pevfeet precision 
with wlach ofnoities.Qf the cornea and leQ% adhesipiiB-ef l^mj^ to 



the cnpaule, and oth^r morbid changes, some of which are scarcelj' 
jwrceptible under onlinary observntioii, become defined by light 
thrown latKrall/ upon them in the manoer just described. If 
minuter observatioTi be requirt^, tl)e objects while thus illuminated 
hj a lens held iu one hand may be magnified by a second leus held 
within its focal distance by the other hand in front of the eye, with- 
out impairing their brilliajicy or distinctness of outline. A Itttie 
practi^^e will enable the operator at one and the same time to direct 
the apex of the luminous cone proceediiu; from the lens held between 
the thiirab and forefinger of one hand uwm any point of the anterior 
st^ment of the eye at pleaaure, while he so adjusts the lens held 
between the thumb and forefinger of the other hand in front of the 
aye as to obtain the enlarged view of the parts thus illuminated 
which he wishes more particularly to examine. 

A sufficient eipiaiiatiou of the impairment uf sight will soraetimes 
be found in this preliminary eiaminatiou of -the eye ; but if nothing 
abnormal can be thus detected, the examiner uuist proceed further, 
with a view to discovering the aoueee of the defective vision under 
which the recroit or soldier appears to labour. It may be due to 
ametropia, astigmatism, amblyopia, or itisease of some of the struc- 
toree constituting the fundus of the eye. 

19. I>etaatioii of Simple Uyopin. — The recruit who has not been 
able to count the test-dots at the distance of 10 feet is found able on 
examination to count them at some distance short of it. Equally 
the soldier who has not been able to read the larger types at tlie 
proper distances, is found able to read the Noh. 1 or 2 type at or 
near tlie distance of 1 or 2 feet respectively from the eye. The 
externa! signs described in the general remarks on myopia will pro- 
bably^ at once cause the Burgeon to judge that no aimulatioii is being 
practised, and indicate the nature of the atTeution he has to de^ 
with. The fJiortest way is at onee to use the convex spectAclea, and 
establish the diagnosis as explained in the section on Myopia ; but 
the refractive condition of the eye should slwaya be objectively 
determined by the ophthaimoaoope in the manner described in 
the third chapter of this -work,- This applies to every case of 
aoepected exaggeration or simulation, for it .enables the surgeon to 
KTnve at a conclusion on the point which it is out of the power of 
the miin himaelf to control. 

20. Deteotlon of Sjmple Hypermetropia — The difficulty which 
the hypermetropic recruit or soldier exhibits in recognising the 
types and dots at any distance, and the form of the eye, will proba- 
bly lead the surgeon to ausiiect the affection under which the man 
is labouring. The diagnosis should ,be eatabliBhed objectively by 
the OphthaunosCope as well as by the convex spectacles, as already 
esplamed in the section on Hyiiemetropia. 

SI. Detection of Astiffrnatiam — If the man under examination 
has exhibited hesitation or particular difficulty iu recognising the 
letters or counting the dots at any distance, and the tests for simple 
hypermetropia and myopia are not readily responded to, the exiat- 
ence of astigmatism may be suspected. The man should be then 

(o.-.) 
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tried by Snellen's 20-f eet yertical and horiaBoittal lines or dot% and 
should be subjected to ophthalmoscopic examination in <wder that 
the diagnosis may be established by the method explained in a 
previous part of this work. The method of proceeding for deter- 
mining the kind and despree of asti^pmatism, sappoaing its presence 
to be eHtablishedy has been expUuned in the special section on 
Astigmatism. 

22. To distinflrnisb Amblyoxtia firom Xyopia. — ^If it be found that 
the smallest sized types and dots cannot be distinctly seen at any 
distance, and that lar^r sized type is held nearer iiisai normal to 
the eye, the recruit is probably labouri^ under amJblyopia; he 
cannot be affected with simple myopicu 1^ ascertain if this is the 
defect he is troubled with, weak concaye lenses, when these are at 
hand, are placed before his eyes. If he now sees distant objects 
worse than he did before, his defect is almost beyond doubt 
some form of amblyopia ; for the concave glasses which would 
improve vision if he were myopic, render vision worse in ambfycpia 
by diminishing the retinal images. When the convex 10" spectacles 
are placed before his eyes, if the man under examination be em- 
metropic but at the same time amblyopic, he will be able to see the 
3' or 4' type, or type of larger 8i2se, at a distance of 10" from the 
lenses, although he is unable to see the smaller sized types at that 
distance. 

The stenopoeic hole may also be used for settling the question. If 
a man be myopic and look through the stenopoeic aperture in a metal 
diaphragm, or through a pinhole in a card at distant objects, he will 
perceive them far more clearly, while if he be amblyopic, there will 
oe no improvement. A person affected with a high degree of 
myopia, as an ^th or Atn, will be able to recognise Snellen's 
moderately sized types No. 7, or No. 8, at double the distance when 
regarding them through a stenopoeic hole that he will be able to do 
with his naked eye, while a person affected with amblyopia will not 
be able to see them any farther off by this proceeding. 

23. Amblyopia complicated with Myopia. — Myopia may be 
complicated with amblyopia, ai\d it is important to distinguish 
simple short-sightedness from short-sightedness with this compli- 
cation. In the latter case, when the 10 convex spectacles are worn, 
the subject will see types up to some distance within 10 inches, 
say, for example, 5 inches. The patient's true far point is then 
(^ — y^) = -j\j, and if the mt/opia be uncomplicated with, anihli/opia, 
he will be able to read the 1-foot type at the distance of 10 
inches without the aid of lenses. If it be complicated with am- 
Uyopia he will require the 1-foot type to be held nearer to the 
eye than 10 inches ; he will l)e only able to read some of the larger 
types at that distance. Again, simple myopia is completely cor- 
rected by suitable lenses, and hence a ready mode of establislung 
an exact diagnosis between simple myopia^ and myopia with 
aTnbhfopia is afforded. Having proved tine existence of myopia 
according to the methods already explained, the degree of myopia 
is next determined. The proper concave lenses to correct this 
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detjree are then applied, and with them the simply myopic peraou 
will be able to see plainly the vnrioualy sized types at their proper 
distances ; hut if he be also amhlyopic, he will only be able to see 
types of larger sizes at them, according to the degree of amlil'/opia. 
By referrinij to tlie description of the causes of amblyopia it will 
be seen tlmt the occurrence of anAlyopia, if estenaive, with 
m-vopia is a grave complioitioti ; for it indicates the existence <if 
disease, and not merely peculiar confirmation of the eye. The nature 
of this disease must be solved by ophthalmoscopic examination. 

24. Ba^ulated Condltiona under which Mropia Slflqnaliflea lar 
UilitaiT Servioe. — If the test-dota cannot be counted 10 feet off 
owing to myopia, the ma n under trial is to be reiected as a recruit- 
Myopia, therefore, when accompanied with V. inferior to i Sn., dis- 
qntililiea for mihtarv service. No special degree of myopia has been 
fixed on as disqualifying for military service, but the disqualifying 
degree may he approximately estimated from the extent to which 
its intarfTence with acuteness of vision is held to un£t a man for 
military service. This is considered farther on. 

25. Condition nnder which Hypermetropia DiBauallfles, — The 

recruit who cannot count the teat-dots at 10 feet distance, and whose 
inability to do BO is proved to be due to hypermetropia, by existing 
mles is disqualified for service. Hypermetropia, accompanied witi 
V. inferior to i, therefore excludes from enlistment as a recruit. It 
must not be forgotten thai the disabling effects of H. are more 
or lean felt in both far and near vision, that they increase with age 
at certain ranges, and that they are apt ^o be aggravated by anything 
that weakens the soldier. 

Conditi'ins under whiek Attigmathm. Dtaqaalifiei for MilitarJ/ 
Service. — The same rule applies when the disability is due to ame- 
tropia of either kind, whatever the degree, when the eye is found to 
be astigmatic. Astigmatism, therefore, of any form, when it is 
aecorapanied with V. inferior to ^, excludes from enlistment as a 
recruit. 

20. DiBqnaJlfying DsBree of Aroblyopia — The general rule that 
the test-dots roust be counted readily at 10 feet distance by each 
^e determines the disqualifying degree of nmblyopin. Whatever 
may be the cause of the amblyopia, if it exist to an extent which 
preventH h recruit from counting the test-dots at a distance of 
10 feet from the eye, it disqualifies the man for military service. It 
is not ordered that the cause of the amblyopia is to be determined 
in the case of a reoniit. The rednction of visual acutenesa to one- 
fourth of the normal standard from amblyopia is more dii^bliug 
than a corresponding reduction which is owing to myopia or hyper- 
metropia, for the defect in the case of amblyopia does not admit of 
correction or amelioration by lenses. 

27. DiBquallfylnB Dobtoo of DimaiKhtednesa — Losa of trans- 
parency in some [larfs of the dioptric media from previous iijpainma- 
tory action, will be found in most of the instances comprised under this 
heading ; but whatever the visual defect may be in a given case, or 
— *" Ltever may have been the pathological conditions or lesions which 
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have led to the dimaightednesB, the fitnegei or niifiti\ea8 for militaiy 
service of the subject of it, accordiiij^ to existing rules, is tested in 
the same manner as the decree of acuteness of vision in other 
instances. If the affection do not hinder a recruit from counting 
the test-dots at the fixed distance of 10 feet, it does not exclude 
him from military service ; but if the acuteness of vision is so 
reduced ajB to prevent him from counting the test-dots, he is in- 
eligible. 

If the nature of the affection should be such as to indicate a 
liability to recurrence of the morbid action which originated it, in 
which case an aggravation of the defect might be anticipated, even 
though the man could pass the test-dot examination, it would mani- 
festly, under the circumstances, be imprudent to declare the subject 
fit for military servite ; while the same affection in a trained soldier 
would hardly justify his discharge from the service on the mere 
assumption of a similar tendency. 

28. DisqualifyizLfi: Colour-blindness. — Colour-blindness is not 
specially named in any military regulations as a ground of rejection 
of a recruit for the ranks or for a candidate for a commission in the 
army, and neither recruits nor candidates for commissions are 
usually tested in respect to sense of colour. It might, however, 
if attention were directed to the subject, be comprehended in the 
general term " defects of vision." 

All candidates for employment in the Bo^al Navy, officers and 
men, are tested with iregard to their capability of distinguishing 
colours, and if discovered to be colour-blind, the defect would be a 
cause of rejection. They come under the regulation, before quoted, 
in para. 1074, of the Queen's Regulations and Admiralty Instruc- 
tions. This rule includes onedical as well as other officers. It is 
obviously necessary that medical officers should possess normal 
colour-perception, as they are the usual examiners for colour-sense 
in others. The conditions which render normal perception of colour 
in the officers and men of the Boyal Navy so important, have 
been already referred to Chapter V. 

29. Quality of Vision Essential for Soldiepm in the Banks. — 
Whatever visual disorder a non-commissioned officer or soldier 
serving in the ranks may happen to contract, so long as he is left 
with acuteness of vision equal to that for which .recruits are tested, 
he must be regarded as visually qualified for military duty. If he 
can read the 20-feet type of Sn. at 4' 8", or count the army test- dots 
at 10 feet, he still has the power of sight which would have sufficed 
for his admission into the military service. For" certain special 
duties, as for going through the training at the Hythe School of 
Musketry, a higher de^ee of visual acuteness become? necessary. 

The remarks regarding the need of a complete field of vision for 
a recruit equfdly apply to soldiers in the ranks. Hemiopia, apd 
especially loss of the temporal portion of the field of view, due to 
causes occurring subsequent to enlistment, afford sufficient ground 
for the subject being brought forward for discharge from further 
military service. 



30. Quality of TiBicn Basenlliil for a MoikBin&n at full BIfl« 
Bango — llie capacity for becoming a ]»!rfei;tly relialile marksman 
at hU the diHtances for which a modciii riHe can be adjuateil, implies 
the poesesaion of normal aouteneas of viaion in the right, or uimitig 
eye, froin the natural near point of distinct rision up to the lemotest 
clistai^ce ; and this faculty can only exist wlien the eye is eninie- 
tropic, or so nearly so as not to eiceed 0'5 D, or ^" of ametropia, 
and when tlie acconiniodation is also normal. At the same time the 
left eye, or eye not employed in ta,king aim, ought not to possess 
leas than three-fourths of the normal standard of visual aoutenesa. 

31. Degree of Uyopia which admita Sacmlts by BzietinB 
OiderB. — Aa myopia is by no means an uncommon affection, though 
far from being ua common as it ie in some foreign countriefl, it 
becomea important to be aware of the degree which, according to 
eitating regulations allows a recruit to be passed as fit for military 
serricc in the combatant ranks. Oncorrected inyupia in a soldier 
IB a grave matter, not only on account of ita incapacitating him for 
the accnrat* use of hia rifle, but also because it may lead to the 
safety of an important post, which he has been placed on sentry to 
gaard, becoming endangered owing to his limited range of distinct 
view, eajiecially as daylight diminiabes. No set limit has as yet 
b^en defined with respect to the decide of M. which incapacitates 
for service in the English army; but it may approximately be 
arrived at by experimental observation' of the degree of uncom- 
plicated M. which admite of the test-dots being couiited at the dts- 
tAiice, 10 feet, which, according to order, determines recruits to be 
eligible for service so far as vision is concerned. 

Experimental trials show that persons of equal ages, and still 
more persons of varying agea, differ considerably in lieir power of 
distinguishing Che presence of objects^ notwithstanding that the 
objects are obscured \>y an equal amount of bluiring from diflnseil 
rays, owing to the efiects of myopic conformation of the eyes. This 
circumstance reaiilfci from the fact that absolutely perfect definition 
of aretinal image is not necessary for recognition of an object, at 
the same time tfiat all the other t'onUitioia on which acuteness of 
vision depends are subject to variations in different individuals. But 
taking the average of a number of trials, at about the ordinary ages 
of recruits, I find that persons affected witli uncomplicated M. = 
s^ or 1-75 D, can manage, with each eye singly, to count the test- 
dota at 10 feet under suitable exposure in good daylight. The test- 
dots are seen mistily, they appear more or less alteied in form, but 
they can be separately distinguished so aa to be counted. The pre- 
sent test-dot standard tor vision of recruits, therefore, admits men 
with & d^ree of M. up to j^, and wlioae visual acuteness is less 
than i Sn. (Jr^. It will usually exclude degrees of M. higher than 

3% The QualitlSB of Viaion which are needed in different Forts 
of an Army. — Tile uiyojjia whicli would make a man unsuitable for 
the duties of one arm of the service may not make him unsuitable for 
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another. The mvopia which would unfit a soldier for aiming tX 
long ranges, whetner with a rifie or a field gun, or for the duties of a 
cavalry vidette, would not unfit him for the working duties of a 
sapper or pioneer, or for those of the conmiissariat and transport 
corps, or medical staff corps. Just as there are different standards 
of height, girth of chesty &c, for the men of different parts of the 
army, so equally necessary appear to be different standards of 
visual acuteness to fit them for their special duties. Certainly 
riflemen, artillerists, and cavalry soldiers, " the eyes of the army," 
should especially be as free as possible from shortsightedness, 
hypermetropia, and other defects of vision. 

What particular degrees of myo{)ia and hypermetropia, however, 
should exclude men n'om service in special parts of the army in 
which very acute vision, and a long visual range, are essentially 
important, can only be determined after a definition by military 
authority of the particular requirements in those several parts. It 
is the province of the military authorities to settle the degree of 
visual acuteness which is necessary for the military duties and 
responsibilities demanded from each branch of the military service ; 
it is the prx)vince of the medical oflicer to ascertain with precision 
that the men possess the degree of visual acuteness which is ordered. 
At present, in the enlistment of recruits for the British army, the 
same orders in respect to the examination of vision hold good for 
all recruits alike, whatever branch of the regular army they may be 
destined for. 

33. Decree of Msropia whioh unfits fbr Military Duties in the 
Banks. — The circumstances of military service are so different in 
the British arm^r from what they are in continental armi^, the cost 
as regards the individual soldier is so much greater, that in the 
selection and acceptance of men for service, remembering too that 
onlv one rule exists for all parts of the regular armv alQce, a far 
higher standard in respect to visual power may well be looked for 
in the British as compared with continental armies. In a country 
in which conscription is in force, and very large armies are main- 
tained, it is an oDJect not to allow any men to escape conscription 
who can be turned to useful account in military servica— if not fit 
for one branch then to utilize them for some other — so that only an 
extreme degree of M. is allowed to exclude altogether from conscrip- 
tion. In a country in which voluntary enlistment and highly paid 
wages are the rule, it is the object not to accept any who are not 
fulfy qualified for the performance of the duties whicn will devolve 
on them in the army. And when only one standard exists for all 
alike, it appears evident that the standard for those parts of the 
army in which a high degree of visual acuteness is a necessity should 
be cniefly taken into account in framing rules on the subject, in order 
that the required degree of military efficiency may be attained. To 
jidmit recruits with myopia approaching Jth with which conscripts 
are admitted in Italy and France, and other countries, or even 
with Ath. and then to draft them for service as riflemen, would be a 
wasteful pecuniary outlay in the English army. Experience proves 



that high degpaea of myopia rarely exist without the eirifitenee of 
posterior ataphylomft and a tendency for the myopiii to increaae, 
Conaidering, moreover, the ataoiint of military Bervica which ia 
passed by a large proportion of the British army in India, and the 
ill effects resulting from the over-stimuktion of the retina of a 
myope by tropical light, the expediency of admitting men into the 
naia of the army with such a degree of myopia as is compatible 
with the present teat of counting the test-dots at a distance of 
10 feet, appears to be verj doubtful. It aeeuia to be very qaeation- 
able whether any man with myopia = jL ought to be accepted aa a 
recruit ; such a, man certainly cannot be a desirable recruit for the 
ranks in which the Martini-Henry rifle constitutes the firearm in 
ordinary use, or in any part of the service where precision of vision 
for diatant objeots is demanded unassisted by correcting spectacles. 
For parts of the army in which accurate sight is not such a neces- 
sity, it would be difficult to lay down any rule aa to the limits of 
myopia, or other ametropic conditions, admissible ; for just aa the 
regulations regarding the height, girth of chest, and other physical 
conditions required in recruits are varied according as they are 
wanted or not, or according as the supply of them is scarce or 
plentiful, BO alao it may be cs]iected that the regulations regard- 
ing ametropia will be varied. In case there are more recruits to be 
had than are wanted, better qualities of vimon may be insisted 
upon ; in enae the need ia great«r than the supply, inferior quaJitiea 
or vision will have to be accepted. But obviously, when the standard 
for vision has to be reduced, the reduction should be confined aa far 
aa practicable to those j»arts of the army in which it will least inter- 
fere with the perfonnance of the duties appertaining to them. 

34. Oharaot^i of Vision, possosaed by a Kyope of ^.—A per- 
son affected with M. ^= J^, or nearly 1'75 D, aeea all objects beyond 
two or three feet with more or less indistinctness. At the distance 
of 20 feet books on shelves, or other objects of like sizes, appear 
mixed up together owing to wfint of definition and reduplication of 
outlines, while, though at this distance, the figure of a man may be 
Been well enough, his features are not separately distinguishable. 
An acquaintance even is not recognised at this distance if the recog- 
nition depend upon peculiarity of feature, unless the light is very 
strong and happens to fall directly upon tbe face, though striking 
contrasts in uniform such as stripes on the sleeve, medals, difTerencea 
in golour, or peculiarities of carriage and of movemeuta of the body, 
are aufficientfy obvious, even under moderate light. At a distance 
of 60 yards 'and upwards groups of five or six peraona standing 
together before a moderately dark background cannot be readily 
aeparated from one another so m to admit of being counted wim 
accuracy. Dark objects on a white ground, such as large black 
letters on a white notice board, appear lighter, and the white 
ground appears darker, than they really are, while the lettera are 
flo spread out that they are altogether indiatinfiuiahable at a distanee 
at which an eye with normal vision can recognise the painted words 
—'"■■-nit difficulty. More distant objects, such as the general features 
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of a landscape, houses and persons among trees, are huddled togetker 
and converted into little elst than general shadows with interme- 
diate outlines. The nature of particular objects even of large size 
can only be made out when the accidental advantage of some 
sharply-marked contrast iu afforded, such as is presented hy a ship 
floating on water, by a building or a tree having the skyline as a 
background, or when a well-£iown object sudL as a harae ia in 
movement on a road. Even this last object ceases to be distinguish- 
able at a distance of seven or eight hundred yards if it be passing 
by a dark background such as a belt of trees. The want oi clear- 
ness of view increases, and the power of recognition diminishes, in 
proportion as the intensity of light diminishes, so that on a day 
when the sun is obscured by cloud, and the light therefore compam- 
tively dull, but not so dull as to interfere with the perception by 
normal vision, the power of distinguishing objects by the myope oi 
^ and higher degrees is materially curtailed. The opening of the 
pupil to admit more rays of light obscures the view through j^eater 
diffusion of the peripheral rays. Still more difficult does it become 
' for such myopes to distinguish particular objects after sundown, 
even when there is sufficient light for men with emmetropic vision 
to be able readily to perceive and recognise them. 

It is true that such myopic persons have the compensating advan- 
tage of seeing minute objects near to their eyes clearly, and that 
they retain this power at periods of life when convex spectacles 
have become a matter of necessity to persons with emmetropic 
vision ; but obviously this special power is of scarcely any advan- 
tage so far as military service is concerned. 

The visual difficulties just now described have to be encountered 
by. my opes when the atmosphere is of its ordinary cleamesB, and 
when only the intensity of lifi^ht is diminished. Such difficulties 
are greatly aggravated when the atmasphere £rom any cause is not 
clear, as when there is fog, mist, or when rain or snow is fallings 
Under these conditions, the view of objects becomes more or less 
obscured, according to the amount of rain or watery vapour in ike 
air, to all persons, however acute their power of sight may be ; but 
in the case of the myope the obscurity is much augmented relatively 
to an emmetropic person from the effects of ray-diffusion. The 
increase of obscurity is in proportion to the increase in the degree 
of myopia. If two persons, one myopic, the other emmetropic, are 
looking at a misty landscape, the former sees it as if he were looking 
througa a thicker veil than the latter. When the mist is only 
moderate in amount, permitting all the principal objects in a land- 
scape embracing several miles to be distinguished by the emme- 
trope, although the foreground, middle distance, and distant hills 
may appear clouded and to have a general grey hue, the myope 
finds a difficulty in recognising many of the objects before him. The 
whole prospect appears lighter in colour, and the principal objects in 
it have their outlines less defined. This happens, although the 
decree of myopia may not exceed one dioptric. The surface of the 
huuQ of a ship at anchor, which appears dark to an emmetrope, ia so 



mixed up with tUe water oa whicli it floats, and tLe surfaca of the 
water with thut of the ship, that both asaume a nearer apprnauh tv 
uniformity of tint, and blend together more intimstelv. If the 
myope have a lii^her degree of myopia — a degree equivtuent to two 
dioptrics for exiunple— the meet distiuit objeutu of the landscape 
(liuappear from hia view altogethi^r, while nearer objects are reii' 
dered more indiatinct. The outliueB of suuh an object as the ship 
just now mentioned are still more diffused, while perhaps the taasM 
and riggtug fade from sight altogether. If the myopia be stall 
higher in degree, such aa 4 D, eveu large objeiita in the foreground 
are quite coiifueed ; while such an object as the ship on the water, 
notwithstanding the strong diif<!rence in colour which really eKist-s 
between them, becomes iodiatinguLahable, is not only not recog- 
itiaed, but is not seen. It is mixed up with the general haze. The 
retinal images of the mist and raiu, like the images of other objects, 
ire diffused and mixed together, from the HCatteviiig of the rays 
attendant on the myopio formation of the eyes, and increase the 
general obscurity of the landsiiape presented to theii view. Even 
suitable lenses, that would correct the n^yopic vision under other 
cireumatances, foil to rectify the faulty vision in suuh weaiher, for 
the fog or mist clouds the glaas, or the niiu wets it and fur the time 
deataroya ila tranaluoeiicy. 

The injurious influence on eyesight just descialmd of such amoile- 
rate degree of M. as jL^ vr about 1-75D, sufficiently indicates the 
objection to putting myopic officers or men on any duties, especially 
ID the-duslc of twilight or ythea the a,tmo^>here is misty, the urojier 
fulfilment of which depends eitbw on an-estenave range of clear 
vision and observation, or on keeping a sharp outlook as regards 
olijaots at any distance, vdiioh are neither very conapicnoua from 
size or contrast of colour. 

When the iiuantily of light is much lessened, as in twilight or 
duak, the pupil of the myopic eye, in common with the pupils nf 
all eyes, dilates in order to admit more of the rays of l^ht pro- 
ceeding from objects, and in this way to make up for their dimi- 
niahed Uliimi nation. The vision of the emmetrope is improved by 
these means uotwithstunding the general obscurity, for the retinal 
impressions are amplified owing to the increased quantity of light 
admitted through the enlarged pupil. The vision of the myope, on 
the other liand, is on the whole rendered worse by the occurrence. 
A greater amount of light is equally admitted into the myopic eye, 
but' the diiatdtion of the pupil at the some time unavoidably gives 
acc£Bs to more Twripheral raja. The retinal images in consequence 
are obscured by a greater number of circles of ditfiision, these 
cireles are more widely spread, and iiiereaaed indiatinctiiess of view 
is the result. 

35. Deerees of ICyopla admiaalble when the Test-dots are 
held at 16 Feet.— A myope with M, = ^ or 1'26D still sees 
objects mistily, but the differeuoe between Wie degree of haziness 
and that of a myope withM. ^^, or V75D, is considerable. If the 
teatHlote W|ere ^<gd«red to be counted, e.g^ at 1& feet, myopes with 
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M. ^ ^ would be just capable of admiflsion, and of oomn jfl' 
lower degrees of M. could paas the test ; but mjopm with M. = ^ 
and upwards would be eauiudad. 

A myopic eye of ^ can read No. 2 Snellen at a distance of 2^, but 
not No. 3 Snellen at the full distance of S', can recognise No. 20 
Snellen in good li^ht at about Kf, showing Y. *=: ^ ; and has a dis- 
tant point of distinct vision for No. 2 Snellen at 7^" with the W 
convex lens before it 

36. Degrrees of Ametropia wMcli exdlude from Service in Ckm- 
tineutal Armies. — In continental armies the degrees of ametropia 
which render men unfit for military service are always very high 
degrees. But it must be remembered that these armies are raised 
by conscription, and the degrees of ametropia which have been fixed 
for excluding from military service are those which are understood 
to cause total unfitness for military avocations, not merely such as 
unfit men from becoming reliable and food rifiemen. The important 
point is not to be forgotten, too, that m armies raised by conscrip- 
tion, if a conscript is affected with a less degree of ametropia than 
the absolute disqualifying degree, but still one that unfits him for 
becoming a good rifleman, cavalry scout, or artillerist, he is simply 
drafted to some other part of the arm^ in which his amount of 
ametropia will not interfere with the right performance of duties 
belon^Dg to it. The system of the British Army, as already men- 
tioned, does not arrange for distribution of men on the same prin- 
ciples. 

37. ShortHBiffhted Men at Musketry Instmotion. — One of the 
regulations regarding musketry instruction provides that "short- 
sighted men may, when firing, wear spectacles" (Begulations for 
Musketry Instruction, 1884, par. 19, ch. 1., Oeneral Regulations, p. 
11), and, as regards "Aiming Drill" (op, cit,, para. 77, p. 85), it is 
laid down that " short-sighted men should aim at distances according 
to the power of their eyesight ; they may weai* spectacles.** The 
wording of this latter direction probably does not fully convey its 
meaning ; for if short-sighted men be permitted to wear spectacles, 
and no ocular defect excepting short-sightedness exists, properly 
adjusted spectacles would place the short-sighted person concerned 
in the same condition as another person wno is not short-sighted. 
Other conditions being normal, the power of sight of the myope, 
when corrected, would be the same up to the farthest distance as 
that of an emmetropic man. When spectacles are not worn, 4he 
range of accurate vision will be limited in the case of the myope by 
the degree of his myopia and the consequent distance up to 'which 
he can secure distinct definition of objects. 

38. Visual Banffe for Trained Soldiers. — Trained soldiers at 
the annual course of musketry instruction fire at range practice at 
distances which vary between 160 and 800 yards. In order, there- 
fore, that a man may have a fair chance of qualifying for a marks- 
man, or for a first or second class shot, he must have sufficient visual 
power to enable him to see clearly an object of the size of the bull's- 
eye of the tai^t used at the farthest distance named. The bull's- 
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eye ia 3 feet in diameter, and at 800 ^arda would subtend a vimial 
angle of 4' M", uo great demniid on vision, provided tbe atinoa|ihere 
is olear ajid the object is sufficiently illuiuinat^ 

3S- Tralnoil SoldJacm ■■'■»hip to abb tka BoU's-eya Bt BOO TaxOa. 
— Special directions are given in the general regulations for miis- 
ketrj training with respect to soldiers who lire certified by medical 
officers to bo unable to see the buU'a-eye at 800 yardii' distance. 
Men who canuot see clearly the bull's-eye at the distance named are 
to fire at one or more of the rauge practices in the individual firing 
of the annual course of training according to their power of vision. 
It will no doubt devolve on niedicnl officers to state whut the power 
of vision ia in each case concerned. 

40. Use of Spectacles by Boldters In the Banks not sanctioned. 
- — The use of spectacles by soldiers in the ranks, whether serving 
at home or on foreign stations, for the correction of araetropic 
defects of vision, is not sanctioned by any published regulation in 
the British Army. Special difficulties would be experienced if 
glasses were allowed to be worn in the English army as they are by 
parts of tbe troops of some continental armies. There woidd be the 
want of means under jiresent circumstances of replacing thera when 
injnred or broken in many of the distant stations in wliich English 
troops are habitually employed ; while, if the glasses were damaged 
or broken when the men were on active service outof Europe, there 
would frequently be almost inaH])erable difficulties in replacing 
them, and this would just be the time when they would be most 
urgently required. The education in respect to the use of such 
appliances and the habits of a large numlier of the men composing 
the ranks of the Kngbsh army must also b^ taken into account. 
Moreover, though the spectacles might be perfect in correction, 
when dust, rain, condensed moisture, or other circumstances inter- 
fere with the transimreucy, and therefore with their utility, 
accoutred infantry soldiers carrying rilles, or mounted troopers, are 
too fettered to be in a position to remove these impediments as 
frequently as they occur, and, during the time they were thus 
obscured, the spectacles would cease to be ot any advantage. These 
are probably the principal reasons which have prevented the use 
of Bpectaoles from t>eing sanctioned among men in the ranks of the 

If the use of spectacles by men in the ranks should hereafter be 
sanctioned, anangements will at the same time have to be made for 
enabling the men who wear them to replace them whenever they 
may ba[ipen to be lost or broken. Machine-made apectades for 
correcting ordinary degrees of myopia and hypermetropia are now 
manafactured so cheaply, and in many instances answer their in- 
tended purposes so fully, that with proper examination and selection 
the cost alone would hoitlly be an impediment to their introduction 
among soldiers. The great difficulty to be overcome in their intro- 
duction would be the arrangements necessaiy for ensuring suitable 
glasses being always available on occasions of need. 

41. !8tK09e and Power of Vlaion iteoeMary for OosuniBsiODed 
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OfBLoen in th% Army. — l^e requirements for distinict yifrion appeat' 
to be even more imperative in offioers than in private soldierfl. 
They must look down whole lines of men, and see them with dis- 
tinctness. They are required to observe distant objects and not 
unfrequently to give important directions according to the judgments 
they form of them. It is also of personal importance to combatant 
officers on taking the field that they should possess a normal range 
and power of vision, or at least a range not far short of normal 
range. An officer of the regiment in which I was serving during 
the Crimean war declared himself unable to take picket duty, 
because he could not distinguish an enemy from a friend at a short 
distance from him, particularly in twilight, and, on the matter 
being referred to a committee of medical officers, was reported 
unfit for service in the field in consequence of a high degree of short- 
sightedness; and duriug the same campaign it certainly once 
happened, if not more often, that an officer was taken prisoner by 
walking into the midst of a party of the enemy whom he failed to 
distinguish from his own troops owing to the same cause. I subse- 
quently made a voyage with one officer who was taken prisoner 
imder the same circumstances mentioned, and sent to Bussia, and 
the high degree of his myopia was' sufficiently obvious. An unfor- 
tunate English regimental surgeon in the Crimea who was affected 
with myopia failed to recognise a French sentry from a distance in 
front of the lines at which the sentry saw him but too plainly, and 
he lost his life in consequence. 

42. lioss of Sifirht of one Bye. — Loss of si^ht of one eye from 
any cause, however good the sight of the other eye, totally dis- 
qualifies for an army commission. It is obvious that if a candidate 
were passed fit for a commission, notwithstanding loss of sight in 
one eye, he would not only be less efficient, but any injury inter- 
fering with or destroying sight in the remaining eye after he had 
entered the service would entirely disable him for further duty. 
Other considerations arise when the siffht of one eye of an officer 
already serving in the army is lost, white the other reniains effective ; 
and consequently officers are occasionally to be met with, as well as 
men in the ranks, who only have the sight of one eye left. But 
their efficiency in various respects is nevertheless considerably 
lessened. (See Binocular and Monocular Vision, p. 2.) 

43. Declaration as to Sigrht by Oandldates for Army Oonunis- 
slon. — Every candidate for a commission in the army now signs a 
declaration concerning his general state of health prior to under- 
going physical examination, especially that his "vision is good with 
either eye (with or without the aid of glasses, as the case may be).** 
Bemembering, however, that (lersons have very different viewii as' 
to what constitutes " good vision," many knowing no othei^ standafM 
of quality than that of their own vision, it is obvious that an inde- 
pendent examination is necessary to ascertain the real quality ■ of 
sight in each instance, or, at any rate, to determine that it is not 
below some definite authorised standard. The declaration has the 
advantage of being cal^fulat^ to prevent a candidate sabimtting 
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in Uw Iiine. — The esiating rule for the visual exaniiimtion of candi- 
li&tes for commissions id the Hue is as foUowa: — Simjile myopia or 
liypermetropia ia not to be held a diaqnalifyi:^ condition. 80 long 
sui these defects can be corrected by Buitable glnases thej are not 
to exclude from adinission. The practice ia that if the candidates for 
commisHiona can count the test-dots at the ordinary distaucefi, with 
or without the aid of glaasea, they are wcceptei! for service ao f ar aa 
viaipn is concerned. The test-dots are used in the same manner aa 
with men seeking enlistment in the runks. Care ahould be taken 
that the examination is carried out atrictly in accordaiic*! with the 
nilea before described in all ita details.* 

45. Ubo of CorreotinK OlaasflB at Visual Ezaminationa. — No 
rule has been published regarding the manner in which candidates 
for commisaiona are to employ glaasea in the correction of visual 
defects. The responsibility reE^rding the point appears to rest 
with the examining medical omcer. In some instances candidates 
are allawetl to uie the glaaaes with which they have provided them- 
aelvea prior to the examination ; in others they have been required 
to select the glasses which suited tbrm from a number of paira of 
spectacles placed on a table in the examination room. 

This latter method of eKuaination might be a convenient one to 
some examining surgeons, presuming the refractive powers of all the 
glaaaes to be marked upun them, and glasses only of such powers to 
be placed on the table as are suited for correcting the range of 
refractive defect which doett not exclude candidates trom admission 
into the military aervice. But manifestly the lenaes ought to be 
aipgle, not fixed in paira Ba in ordinary spectacles, in order to meet 
cases in wliich the two eyea ore dissimilar in their refraction, 
whether the dilTerence between them be one merely of degree or a 
difference in kind of refraction, 

46. Seoision aa to Fitness for Service reEerved In Special Cases. 
— Although al) candidates for commieaions i[i the army aie allowed 
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to use glasses when being tested as to power of sight, the militnry 
authorities retain the power of deciding in every instance of myopia 
or defective vision, according to its special characters, whether the 
candidate is to be declared visually fit or unfit for the military ser- 
vice. 

47. Visual Qualifioation for Oommiasiona in the Kedioal Staff. 
— In the "Schedule of Qualifieations necessary for Candidates 
desirous of obtaining Commissions in the Army Medical Staff," it is 
ordered that a Boara of Medical Officers must certify the candidate's 
"vision is sufficiently good to liable hint te perform any surgical 
operation without the aid of glasses. A moderate decree of myopia 
will not be considered a disqimlification, provided it does not neces- 
sitate the use of glasses during the performance of operations, and 
that no organic disease of the eyes exist&'' 

The objection to dependence on the use of glasses for securing 
clear vision in the performance of surgical operations is a well 
foimded one. Irrespective of the inconvenience which may occa- 
sionally arise from glasses falling off in the movements of the 
operator, they are constantly exposed to loss of transparency from 
condensed vapour upon them, or from becoming spotted by jets of 
blood. 

So far as concerns the refractive defect of myopia mentioned in 
the 8?.hedule, it will not be difficult for ia* moderately myopic candi- 
date to comply with the condition named, for the myopia must be 
of very high degree to necessitate the use of glasses in performing 
most surgical operations. With a myopia of 2*0 D, or ^, a candi- 
date of twenty-nve years of age with normal power of accommodation, 
would have a range of clear vision for small objects from a distance 
of 20 inches to a point a little under 4 inches, without the aid of 
glasses, and indeed within this range named would see better with- 
out glasses than with them, though his vision for more distant 
objects would be very imperfect unless helped by suitable glasses. 
Even with a myopia of 2*50 D, or Jg^, he would have a range of clear 
vision from a distance of 16 inches to a little over 3]^ inches. But 
with a hypermetropia of 2'50 D, when, at the age named, only six 
dioptrics of accommodation would be available for work at near 
objects, even with the highest accommodatory effort a near point of 
distinct vision could only be obtained at a little under 7 inches. 
Short of that distance vision by the unaided eye must be more or 
less obscured; and as it is not possible to continue to exercise 
accommodation at its highest state of tension, but only about half 
of the 8*50 D of the accommodation belonging to the age named 
could be continuously employed, the nearest point of distinctness 
for prolonged vision would he removed to 20 inches distance. Under 
such circumstances attempts to distinguish minute structures of 
importance, probably confused by blood, to separate a small arteiy 
from an adjoining nerve for example, without the aid of suitable 
glasses, would be very embarrassmg, and might lead to serious 
errors. It is therefore the hypermetropic eye which would meet 
with the most difficulty in operating without glasses, and this 
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diiGeuIty would increaaa withincreaae of age. If the hypermiitropia 
were coiDpllcated by ustigmatiam, the dimculties of the operator 
would be couBiderably increased. 

48. VlBoal ADntanesa raqnired in Oaodldatea fbr OonuulsBloius 
In the Bojral Artillery and Boyal BuKiueerB. — -C'sjidiiiittoi' for ad- 
miasion into the Royal Militiiry Aciideiuj at Woolwich fall imder 
a apecial regulation. Since March, 1871, by oijer of H.E.H. the 
Field Marsiial Co nimanding- in-Chief, Ihese gentlemen have been 
required to show afc their physical esaniination that they poaaeBs a 
range of vision which will enable them to Bee clearly the 2' aquaj^ 
buU'a-eye at. 900 yards. In order to decide that a candidate for 
EtdmlBSiOQ into the Artilleiy or Engineers possessee this required 

rJification, the e;camining medical officer will have to ascertain 
t he can count the square regulation army teat-dota at a distance 
of 2SJ feet instead of the distance of IS fe«t named in the inHtnic- 
tionB on the back of the card. If the order were applied to tlie 
circular bull's-eye 3 feet in diameter, the circular regulation teat- 
dota in preaent use would have to be held at a distance of 15 feet 
in order to prove the candidate's power of aeeing the bull's-eye at 
900 yards. The caudidates are permitted to use ordinary concave 
and convex spectacles at the exaniination.* 

49. TiBual Acuteuess reciuized. in Candidates for CommlBBioiiB 
in the Royal NaTy.— -Candidates fur commisaions in the Boyal 
Navy are not considered eligible who are subjects of any degrees of 
myopia or hy perms tropia. They are required to have viand power 
sufficient to enable them to aee SiieUeti'a teat-types at the full 
distances. Exceptions are, however, made in aome special cawa 
under particular civcumjtances, bnt the discretionary margin allowerl 
is very limited. It would manifestly be unnecessary to apply tbt: 
same viauid testa aa rigidly to naval cliuplaiua and clerks as to 
navigating officers. 

50. Quality of Sig-tit fOr Special Course of Inatmction. in the 
School of UuBliatry. — Officers and non-com iniasiooed officers who 
deaiie to attend the special rifle instruction given at the School of 
Musketry, must be certilied by a medicaJ officer to be free from 
defective ejeaight. The term "defective eyesight" in the muaketrj 
regulations, implies that neither the signal flags or discs used at 
target practice, nor the bull's-eye 3 feet in diameter, can he seen 
at a distance of 800 yards. But in testing vision in accordance 
with this rule, permission is given that spectacles, but not field 
glssses, may be used. In order to ascertam whether a man can 
see the 3' huU's-eye at 81H) yards, the teat-dots must be held tor 
counting at a distance of 13 feet 4 inches — for 3' : 800 yarda : : 
^th of on inch ; 13^ feet. If then the teat-dots can be readily cc 
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at the distance named, the 3' bull's-eye, other -things being alfte, 
can be seen at 800 yards. 

51. Disease of some of the poaterior Farts of the Sye. — l¥hen 
the ocular examination of the recruit or soldier leads to a suspicicm 
that he labours under impaired vision owing to deeply seated 
disease of the eye, there is only one way of determining tne correct- 
ness or incorrectness of the suspicion, and that is by ophthalmoeconic 
examination. A description of the method of employing nie 
ophthalmoscope, as well as of the other steps to be taken, for estab- 
lishing a correct diagnosis of the different morbid states of the 
posterior parts of the e^e, forms a portion of the eubjects treated 
upon in all systematic works on diseases of the eye. 

52. IxKLpaired Vision, or Blindness, of one Eye in a Trained 
Soldier. — It has been mentioned with regard to a recruit that any 
important visual defect in either eye renders the man unfit to 
engage for service as a soldier. The rule is different with r^;ard 
to men who are already serving in the ranks. Impaired visnal 
power, or total loss of vision of one eye, if the other eye be efficient, 
18 not held to be a cause of unfitness for further military service. 
This rule is laid down in War Office Circular, No. 874, of the 
17th August, 1864, in the following terms : " No soldier shall be 
discharg^ for the loss of one eye only, whether it be -the right or 
the left ; but if a soldier shall have lost one eye by a wound in 
action, or by the effects of service, and shidl receive other wounds 
or injuries in action, or be otherwise so disabled as to render his 
discharge necessary, the loss of an eye shall be taken into con- 
sideration in fixing the pension at such a rate as his combined 
wounds or disabilities may entitle him to receive.'* 

53. Aixninfi: with the Left Eye. — If a soldier after enlistment is 
found to have a defect of vision of the right eye, which has not 
been previously detected, and it is found to incapacitate him for 
using his rifle from his right shoulder, or if the right eye of a 
soldier becomes disabled by disease or injury, he is permitted by 
the musketry regulations under certain rules to fire from the left 
shoulder — thus using his left eye for sighting the objects aimed at. 

This permission is never wanted excepting imder certificate from 
a medical officer that the soldier is ilabourinff under defective vision 
ci the right eye. Now that skirmishing and independent firing are 
so much more employed* than firing in close order, it is of less con- 
sequence that a man's mode of firing differs -in the respect named 
from that of the other men of his company. Moreover, the per- 
mission to aim with the left eye is only turned to practical account 
at target practice, or when firing with ball cartridge. 

54. Aaenmed Blindness of one Bye. — Blindness of the right eye 
is not imf requently simulated in ioseign armies to escape conscrip- 
tion, but English soldiers very rarely make pretence of blindness 
of one eye, because it is well known among them that loss of mmht 
of one eye does not ^capacitate for further militaiy jseryice. 
Should, however, blindness of one eye be alleged to exist, mikd no 
objective signs to warrant the asserticm be obvious, so timta sua- 



picioD of Bimujatiun be excited, there are various teats wludi ma; 
be resorted to for detenuiniiig whether the aiispicioii is well grounded 

In the firat place, the obaervatioii of the surgeou may be directed 
to the auppoaed blind eye. In complete blindness of one eye, the 
pupil IB partially dilated owing t^ the abaence of all reflex stimulua 
from the insenBible retina. If then, on triid, the iria ia foiud not 
t« contract when the alle^d blind eye has been shaded by the Iioiid 
of the surgeon and then suddenly aubiected to the admiasiou of 
strong light, bnt is found to contract when the retina of the other 
eye is exposed to sudden access of light under siioilar conditions, it 
is evident that the alleged existence of blindness is rea.' ; on tlie 
other hand, if the iria (d the alleged blind eye does contract when 
its retina ia exposed to sudden light, while the other eye is kept 
cloeed, there may be a considerable amount of amblyopia, but there 
cannot be complete amaurosis. If the irh of the alleged blind eye 
do Dot answer hi the stimulus of Ught, either when its own retiaa 
or that of the other eye ia excited, the alleged bliudue«s may or 
may not exist ; the observation only proves that there ia paralysis 
of the iris, and this may be the result either of natural causes or 
may be artiticially induced. 

The effect of covering the alleged blind eye and then of suddenly 
exposing it to light, on the other, or acknowledged seeing eye, may 
next be observed. When the two eyes are in a normal condition, 
the effect of nhj^rli p g one of them from light ia to produce a alight 
increase in the size erf the pupil of the otW eye ; on removing the 
shade and exposing the eye suddenly to light, a alight decrease in 
the size of t^e pupil of the eye th»t has not been shaded may be 
noticed. If one eye be blind, neither shadiug nor uncovering this 
blind eye will produce any change in the dimensions of the pupil of 
the other eye. 

But the moat effective means for unmaahing an attempt at decep- 
tion of this sort is Oraefe's prism test. If a prism of IE" or so be 
held with its base upwards or downwards before the eye in which 
visoal power is acknowledged to be retained, and the person who is 
subjected to the test on being aaked what effect it has on his aight, 
states that the glass in front of his eye causes him t^i aee double, 
the simulation is provetl, for diplopia could only result by both eyes 
seeing. If the person umler exiuniuation is educated, and a page 
of pnnt is placed before him, while the prism is placed in front of 
his seeing eye with its ba»e upwards, and he is then unable to read 
without great difficulty, it is another proof that he is seeiiig with 
both eyee, and that his reading power is interfered with from tlie 
images of the print ov^lappiug ; if he really had only monoculai 
Tision, he would see the prmt with the prism as well as lie clid 
without it, though it would be a little altered iu its apparent posi- 
tion. Again, if the base of the prism be turned horizontally in- 
iwarda, aud the eyes then Wjuint, it is proved that an effort is being 
made to prevent double vision, aud that, tiierefore, the assertion ot 
^iniinaHii of oua eyt is untrue. By gettutg the person to read some 
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of Suellen's test-types, and to describe first one of the two images 
and then the other, and by var3ring the sizes of the objects pre- 
sented, the surgeon may arrive at a conclusion as to whether any 
amblyopia exists or not in the alleged blind eye, and if it does 
exist, may even ascertain its degree. 

Coie.'^Tb.e following <»se, tak«ii from the records at Vetley, wfil serve to fllostrate the 
application of this test. Priyate T. F., 84th regiment, was tnyalided in 1866 from Malta, 
and admitted at Netley, under Amaurosis. His condition at Netley he stated to be : 
right eye quite hlind, no pereeption of liirht; left eye, rnads No. 4 Snellen at t'\ covnts 
Angers at 8'. No ocular ahnoimality was visible by ordinary or under ophthalmoscopic 
rxamination. The left eye was kept bandaged for a coupte of days, on the pie* of resting 
the eye, but really to observe whether he cmild guide his movemoita by the right (alleged 
totally blind) eye. While thus bandaged ha was ng;>orted to have been s<'en reading, or 
api arcntly reading a book. I then tried the prism test, and the man described two images 
of a single object, a lead pencil, held at a distance of about 4' from him, together with the 
movement of one round the other as the prism was made to re>olve before his left 
(acknowledged seeing) eye. The imposture being thus proved, the man was discharged to 
duty at h s dep6t. 

If a prism is not available, the table of 20 feet coloured types on 
a black ground, m Snellen's book of test-types, may be turned to 
account for a similar purpose. Placing the persim under observa- 
tion at the farthest distance -at which he ca& read the types with 
both eyes open, a piece of coloured glass, either red or green glass, is 
placed in front of the eye acknowledged to be sound, and he is 
asked if he can still read the letteis. If creen glass is before the 
eye, and he is able to read the ved letters through it, or if he can 
read the row of green letters through the red glass, it is obvious 
that he is reading them with the alleged unsound eye. As the 
coloured glass causes the types of oompiementary colour to fade 
or disappear altogether from view, the sound eye under the condi- 
tions described cannot read them. If scales of coloured types of 
various sizes were at command, not only the fact of the uncovered 
eye seeing, but its degree of acuteness of vision, might also be ascer- 
tained by one and the same experiment. 

The stereoscope has been used for detecting simulated blindness 
of one eye, and is still more puzzling to •one who is not acquainted 
with its effects. The particulars of a ease were related to me in 
which imposture by a loreign officer who idmulated blindness of one 
eye as a result of field service was fully detected by its means, and 
in this instance the use of a prism, owing to the intelligence of the 
person examined by it, and his knowledge of the effects of prisms, 
nad failed to prove the deception. Indeed it is hardly possible for 
a person who is not blind on one side to answer the stereoeoo]HC 
tests as if one eye were blind, provided the experiment is fairly 
performed. But the surgeon must be on his guard that the person 
under examination does not close the eye which is alleged to be 
blind while the objects placed in the stereoscope are exposed to his 
view. The' eyes must be watched during the examination. The 
stereoscopic objects should be specially prepared. Series of linos, 
different in colour, red and blue for example, so arranged that in 
the combined image they cross each other, have been suggested by 
Helmholtz lor the purpose. When both eyes are sensible to light, 



SliUBC tIBFBCTlVE VISION OF BOTH KYVB. HKI 

Ihe red aud blue tines are seen constantly changing pluccs with 
uach other, anil it is net possible to say by which eye either coloured 
lines are seen. A persoB blind of one eye will see the lines of one ' 
colour only. Two printed pnntgnipha, equal in size and Biniilar in 
character, butdifferiiig in parU of the text, way be pliwe J ou the ate- 
reoBCOpiu slide. A person regarding the slide with both eyes through 
the Bt«reoacope will not be able to read the portiond where the texts 
di^r, for the print of one eide will be mixed up with the print of the 
other in constant interchange so as to make reading impracticable. 
Apeison who does not eee with one of hiii eyss will read easily the 
prut presented to the seeing eye. figures in endless varielies of 
shapes and colours may be employed in a similar manner ; so that 
no simulator who ia capable of seeing the objects presented to him 
D the stereoscopic slides with both his eyes, when describing what 



succeeds in temporarily closing it for the purpose of excluding i 

Staff Surgeon Dr. Biirchardt, of Beriin, invented a portable 
stereoscope, of very ingenious construction, for the practical 
diagnosis of simulation of Dlindneae or amblyopia of one eye.* The 
test-objects supplied with the apparatus are very effective. The 
prisms are m> acrauged that at the same time that the [letson under 
examination is looking through them at the test-objeets, the 
examiner can look through them and obtain a magnified view of 
the eyes of the person he is examining. He can tints ascertain that 
neither of the eyes of the supposed simulator is closed even for a 
second during the application of the t«st«. 

56. AsBume j extnme defectiToVlslonaf both Eyes.— Supposing 
a soldier maintains that he cannot see clearly the buirs-eye at any 
range, or only within a very limited range ; that no description of 
leitH improves his vision ; while no cause for the alleged disability 
can be discovered, but, on the contrary, both eyes appear to be of 
normal visual power, can it be proved that he really does see 
clearly enough for duty 1 To a certain extent the surgeon must be 
guid^ in such a case by circumstantial evidence and observation. 
& cross-examination, instituted with ordinary judgment, will usually 
expose the attempt at fraud. But in such cases the lenses can 
generoll;^ be taru^ to important nse ; with the convex spectacles 
before his eyes, a trickster will most certainly become confused, and 
will either see types or dots at distances which show that his vision 
is normal for distant objects, or he will overstate his case by giving 
only negative replies, saying that he cannot see at all at any distance. 
When tiiis last-named position is maintained by a simulator, the 
surgeon can only hope to expose the deception by contriving to 
obtain positive evidence showing that the man's statements are ■ 
untme. Tliis plan was adopted in the following case : 
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If the man admilB that he can oee objects of known dimensionB, 
the hands and figures oi a dodt for eianyle, vp to some partioalar 
distance, the soigeon can notice whether, after yaried changes in 
position of the object, he ahrays retams to the same distance as his 
umit of clear vision. 

If the man is able to tted, the distanoe at which a given f^fpe of 
Snelien's standard is read may be noted, and observation aaade 
Aether he reads the laiger types, illuminations and other condi- 
tions being alike, at proportionate distances. If he should state he 
is-not able to do so, and he still maintains that nether concave nor 
cotivec ig^asses make distant objects deader, and there is no. evidence 
oi the presence of asti^;nlatism, it is obvious that he is irj^ing to 
deceive. Where there is a command of lenses of many varieties cf 
focal range, the demonstration that he -is simulating his alldged 
defect of sight is comparatively easy. 

•I would not, however, wish it to be inferred from the above 
remarks, that I believe attempts at 6naud, in renpect to delective 
tision, are frequently to be met with among solluers in the ranks. 
On the contrs^, my experi^ioe leads me to bcdieve that in tiie 
creater nuti^ber of instances which have been suspected 4o be 
instances of deception, real <UsalMlities have existed, thou^ their 
true natures have hot been ascertained. The patients have been 
supposed to be malingering because euffident time and attention 
have not been devoted to tne elucidation of their cases, or • because 
the determination of the existence of the particular defeotire-coBdi- 
tiooB of sight under which the^ were <labou]ing was not included in 
tiie surgeon's range of diagnosia 
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Ing KjMlglit.-Bulti In the Oeraian Nav».— Dograei ol VtauJ Doarfeuij, Myopta. 
*(L, wblch eiclude Iroin MUlUry Eerrke m Foreign Amilea. 

4Qi^itT of Eyaals'ht fOi SIUBketry Praatics. — "No soldier is 
oQ 4nT aocouiit to be exompted from any muaketrj training on the 
plea of alleged bad siglit, or on aoyplea which, if valid, would tend 
tp prove him unlit for service. When the medical officer certifiea 
that a. mnn cannot see \ip to 800 yards, he must fire, according to 
hia power.i of vision at one or more of the ' range practices ' in the 
iodividuaJ firing of the annual course, but not more than ten 
rounds at eacli distance, and his paints must be included in the 
totals from which the merit of the shooting is calculated." — (Regs, 
for Muakt'try Instruction, 1884, par. 19, p. 11.) 

Kring- from the Left Shoulder — " If the medical officer certifies 
that a mail has defective vision of the right eye, he may fire from 
the left shoulder."— (Be^. cic. p. 11.) 

Spectacles.^" Short-Highted men may, when firing, wear spec- 
tacles." — (Eegs. for Musketry Tnatniction, 1884. Hega. ciL, p. 11.) 

Good Sifflit and Profloienoy in Shootlns. — " It cannot be tM) 
atronglv impreaeed upon the recruit that any man who has no 
defect m hia sight can he made a fairly good shot, ajid that no per- 
fection he may have attained in other parts of his drill can, wnen 
on aerviee, remedy any want of protioienoy in shooting."- -{Eega. 
cii., par. 24, Ch. II, p. 15.) 

OlaMifloation of Firing Biatanoea. — "The firing diatajicea in 

musketry practice are sometimes classified as follows ; — Up to 
400 yai'da 'short ranges ;' from 400 to 900 yards, 'medium ranges;' 
from 900 to 1700 yards, ' long ranges ^ and from 1700 to 3100 yards, 
the extreme range of the rifle, 'extreme range*.'" — (Eegs. cit., 
pftT. 4B, Ch. II, p. 22.) 

Alining StUL — " Aim must be taken along the bottom of the 
noi^h, or the top of the centre white line of the back-sight, and the 
tip of the foresight to the centre of the mark aimed at." 

"The eye must be fixe4 on the mark aimed at, and not oa the 
foresight" 
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''Id taking aim the left eje mast be closed. If a recruit is not 
able to do this at first, he will soon succeed by tying a handker* 
chief over his left eye." 

^ It cannot be too strongly impressed on every man, that to shoot 
well at long ranges, he must train and strengthen his eye by looking 
at small objects at long distances. Short-sighted men should aim 
at distances according to the power of their eyesight ; they may 
wear spectacles. "—(Regs, cit^ pp. 83-8&, p«r. 77*) 

Judging DiBtanoe DrilL — '^Instructors must bear in mind that 
the eyesight of different men varies oonsideraibly, and. that conse- 
quently they must not expect that the observations and answers of 
every man will be the same."— (Regs, cit^ p. 88, par. 80.) 

Attendance of Medical Officers at Target Practice. — ^"The 
attendance of medical officers at target practice under ordinary 
circumstances is unncessary, but the name aoid address of a medical 
officer to whom application would be made in case of accidents, is 
to be communicated to a1) officers in charge of parties proceeding 
to target practice ; and that officer is not to be absent from his 
quarters or hospital during the period the target practice is beinff 
carried on. Should exceptional circumstances arise which would 
appear to render expedient the presence of a mediotl officer on a 
ran^, the general or other officer commanding may, slier 4X»n- 
sultmg the principal medical officer, direct the attendance of one 
when necessary. The principal medical officer is to report all 
cases of this nature for the information of the director-^neral of 
the Army Medical Department, in order that timely provision may 
be made for the performance of the duties of the meaical officer so 
employed."— (R^. cit,y par. 91, p. 101.) 

EyesiglLt of Officers and Sexjeants at the Courses of Instmotion 
in the School of Musketry. — "Officers and Serjeants must have 
previously gone through a recruit's course ; those with defective 
eyesight, t.e., who are not able at 800 yan^ to see signal flags or 
discs, or a bull's-eye 3 feet in diameter, are on no account to be 
allowed to attend a course." 

" In the test for vision, spectacles, but not field-glasses, may be 
used." 

** Spectacles only, not eye-glasses, will be permitted to be worn at 
target practice at the School of Musketry/*— (Regs, di?., par. 181, 
p. 167.) 

Extract from " Regulations to be Observed bt the Medical 
Officer appointed to Examine Candidates for Admission 
into the botal militart academt at woolwlch." 

** Ranae of Vision, — Effective and long range of sight being pre- 
eminently requisite to be possessed by officers of I&yal Artillery 
and Royal Engineers, all candidates for admission into these 
services must possess a power and range of vision wnicb will 
enable them to see clearly the centre on an ordinary target at 900 
yards." 
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" A candidate mBy be permitted the uae of ordinary concave and 
convex leiiaea, and his ninge of vision may be tested by the ordi- 
nary test-dot card, held 2ii feet from him. 

"He sboulil be placed with his back to the window or point from 
which the raja of light fall npon the card, and care sboidd be 
taken thiit full light ia thrown upon tlie latter during the exomina- 

(InitrnotionH issued by Director- General Sir G, Logan, K.C.B., 
dated 17th February, 1871.) 

auolity of Sifirlit of Rl^ht Byo neoeBSUT- tor KUitlK Secliiits. 
— It ia laid down iu the " Eegiilationa for the Militia, War Office, 
1883," aa regards the medical eKamination irf reoruita {Part I, sect 3, 
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,, that one of the principal points' to be attended to ia, 
lat his (the recruit's) vision ia gooo, or at least sufficiently goofi 



to enable him with his right eye to discern objects clearly at not 
less than 300 yards." No particular bIzb of object ia specified Iti 
these legulations, nor is any visual limit mentioned as regards the 
left eye. 

Quality of Viaion neoesaary for Offlcera and Uen of the Royal 
Navy aad Boyal Uarlnes — Tli'j following directions to medical 
officers in regard to the examination of the quality of vision pos- 
sessed by men or boys seeking admission into the Naval Service or 
into the Royal Marines are laid down in the "Queen's Regulations 
and Admiralty Instructions (1879)." The medical officer is ordere<l 
to obaerve whether the person's eyesight is defective, and if it 
should be so to such an entent as might, in the opinion of the 
esaminitig officer, dieqnalify him for the efficient discharge of the 
duties that would devolve on him, be is to report him nniit for the 
service. He ia further instructed (par. 1071) that "the eyes should 
be clear, intelligent, expreasive of health, and the eyesight good." 
In the succeeding "paragraph of the Instructions" (par. 1075), it is 
laid down that " persons of whatever class or age, who are found to 
be labouring under certain physical defects, are to be con8idere<l 
unfit for Her Majesty's Service, anil anwng these defects ia men- 
tioned " blindness or defective vision in one or both eyes." The 
following direction also occurs in the paragraph of the regulations : 
— " Whenever test-types are supplied, the power of vision of each 
eye separately, as well aa together, is to be ascertained ; but before 
finally rejecting a person who has failed to read the types, be is ti> 
be tested with objects familiar to him, and at distances corresponding 
to the sizes of the objects, aa the inability occasionally arises from 
other ' causes than defective' sight. When the sight ia found de- 
fective, the particnlara are to be recorded in the register of physical 
examination when required to be kept, how far short of the normal 
distances given in the teat-types conld the letters or figures be aeon, 
and where one is more defective thaJi the other, the limit of good 
vision of each eye is to be noted." 

It is all the more important that naval officers and seamen abould 
posaesB normal acutenesa of vision, inasmuch as the use of cor- 
recting glasses is less admissible under the conditions of sea 
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than it is among officers and men engaged is aro^Barf mflitary 
dnties on land. 

Boles tor Determining Visual OooKpetSBoy In tbe Qerwama 
9av7. — ^The fitness of candidates in the Nayy ol Qermaaj is> deter- 
mined by the decree of yisoal acutenees, and the capability of its 
correction by suitable spectacles in esse it is below the nomal 
standard. The Imperial Admiralty Orders (26th June, 1872} ave 
to the following effect : — 

1* TheacntetxiMS olTMoniato b»tM(ed lijSiMllia^ teit-typM. Wlwn tte Itpm can 
be read at tbe denominated distances it is to be considered nonnal, or a i. The 
certificate most state deariy tbe result of tbis examination. 
2. If tbe acutenees of vision be act nonnal, tiM surgeon must detcrmins hj ophHiatoD- 
scqpie examination wbetber tbere Is anjr organic disease of tlie inner p«rts d the 
eye. If tbere be, tlie candidate is to 1>e considered unfit. 
S. In tbe absence of organic disease of tbe tj% Vbe fUtowfaig Umitv are to "he aAeied 
to:— 
(a.) Candidates who recognise SaeDen's types at } of tlie denominated distance, 
i.«., whose yisual acuteness is = }, are to be considered fit for tlie aaTsi 
service. 
(6.) Candidates who recognise tbe types at distances between } and 4 of the 
normal distance, can be admitted, prorided it Is proved, by the ap^icatlon 
of spectacles, that their diounisbed i4taal power fai perfeeUy oomoied by 
their belpi 
(e,) Candidates whose risual power is only \ or lew, are to be considered unfit for 
tbe aaval service. 

De gr ess of XTopla, Defloienoy of Vis«al Aoatsness, 4ko., wliioh 
•xdnde from Military Service in Foreign Annies. — The degi;ees 
of ametropia and amblyoma which exclude men from military 
service, or which exclude from service in partieiUar parts of foreign 
armies, vary in different countrieSb They have been consideraj^ 
modified of late years, and the rules shown in the second editiiM of 
this Manual, at pages 79 and 80, are now altered in many par- 
ticulars. In some countries the rules regarding the degrees of the 
disqualifying defects, and also r^carding the methods by which they 
are to he determined^ are now laid down with much minuteness 
and precision. A study of the various regulations regarding visual 
defects and the modes of testing them, will be found tobe very 
instructive. I have obtained copies of the most recent orders on 
these subjects in the principal armies of Europe, and in collecting 
them. Dr. Oori, Lector on Militarv Surgery and Hy^ne in the 
University of Amsterdam, has afforded me i^uable assistance. 

EollaacL — In Holland, Dr. Gori informs me, the Boyal Act of 
November, 1883, decrees that M. = 2*5 D {^") and upwards of the 
right eye in case the left eye is normal, ana 7 D (i") and upwards 
of the left eye in case the right eye is normal, renders a conscript 
unfit for service. The degree of M. is to be determined after 
mydriasis by atropine (homatropini hydrobrom. $ per cent.X or 
l^ a refraction ophldialmoscope. 

H. (total hypermetropia) = 6*0 D Q^'O of right eye, in case the 

left eye is normal, and BL == 9*0 D i^"), or higher of tihe left eye 

in case the rtffht eye is normal, also imfit for military aenrice. 
Ast. to siMm an amount that Y. (visual acuteness) m ssdoeed to 



less than ^th in the right eye, the left baiiig nonn&l 1 or to. less 
thau 5^th ia the left eje, the right eye being normal ; estftila unfit- 
uasB for service in the army. 

The rulsB are different for the Totunteere of the military iendce. 
By the Act already quoted, volunteers using portable tjrearntn mu«t 
hare V. (visual acuteneas), without glaases, not less than |lhs for tlie 
right eye, or J for the left eye. 

In case volunteers cannot fulfil the above requirement, owing to 
M. or H., they are admissible for service, if uniier 20 years of age, 
with M. = 1 D, or if over that age with M. = I'B D. ; and with 
Hm, =: 1-0 D, if under 20 years of age, and with Hm. = 2'0 D if 
beyond that age ; provided that V. aiter correction by glaases is 
rendered distinctly^ 1, 

Medical cadets and candidates for army commissions who do not 
require acute distant vision are admissible if V. of one eye ia not 
less thau jths, and of the other not less than ^ ; or wittL V. of one 
eye equal to 1, with V. not below ^rd of the other. Lii case of M. 
being the catiae of the deficiency of Y., medical cadets and candi- 
dates are admissible with M. =: 3'0 D, or in ca^e of H. being the 
cause, with H. not exceeding S'O D, provided V. is rendered ^ 1 
by correction with glasses. 

Franoe. — In accordance with the instructions of the Frencli 
Army Sanitary Council (Conseil de Sant6 des Armies), of 
27th February, 1S77, on the diseases or faults of coutormatiou 
which unfit for military service, whatever the nature of the lesion 
may be, if it reduces V. to ^th in the two eyes, or tlie riaht eye, or 
to i*fth in the left eye, or causes a diminution of about a half of the 
tranporaL angle of the field of vision, it renders the subject unfit for 
military service in the French army, unless, being the result of 
limply refractive defect, it can be corrected by glasses. 

M., however, higher than 6-0 D (g^"), or complicated with raus- 
cnlar or accommodatory insufficiency, or with lesion of the ocular 
fundus, renders the saDject of it unfit ftir service in the army. 
In the auiiliary service, M. between 6'0 D and S'O D (^" and 
im") ^ ^ cause of unfitness. The degree of M. must be determined 
by the optometer or by the ophthalmoscope. 

H, renders unfit for service whenever it causes T. to be below 
^th in the right, or ^th in the left eye. The determination of H. 
anffioes ; it is not necessary to specify the degree. The upright 
image of the fundus must be clearly visible, without dilatation of 
the pupil, by the aid of an ophthalmoscopic miiTOr at a distance <if 
from 4 to 6 inches from the eye. In the auiiliary service H. which 
lowers V. below Jth in a cause of unfitness, even though capable of 
correotion byclaases. 

Ast, likeHT, renders unfit for service whenever it causes V. to 
be below Jth is the right, and -^th in the left eye. 

Garmany. — In the German army a reduction of V. to ith, or 
below, causes permanent unfitness for military service in recruits ; 
' ■ " ■ ' ■ jboth eyes to A, or le^^but not as low as Jth, 
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allows recruits to be conditionally fit M., when the distant point 
of the better eye is 0*15 m. (6 in.), or less, even though Y. is 
normal at, and within thia distance, renders recruits permanently 
■ unfit ; M., with a distant point of more "Uian 0*15 m., when Y. 
after correction by glasses is more than half normal Y., allows 
- conditional fitness. Slindness of either eye is a caiise of unfitness. 
Examination of Y. in the recruiting service is as a rule to be by 
sight-tests, and Snellen's test-types are to be used till further 
orders. The results are to be expressed as regards Y. in non- 
reduced figures (M or M, not J or 1). 

As regards drilled soldiers, and men entitled to pension, reduc- 
tion of V . in both eyes, if less than ^, but more than ^, of normal Y., • 
causes unfitness for field service ; reduction of Y. in the better of 
the two eyes to ^ or less, causes also unfitness both for field and 
garrison service. Blindness of one eye causes also unfitness for 
field and garrison service. 

No special rules are laid down as regards H. or A^t. 

A War Ministry Order of July 15, 1881, makes known to medical 
officers that garrison-hospitals can be supplied with bi-concavie or 
bi-convex spectacles for troops of the infantry, and spectacles with 
thread-covered steel frames for mounted troops, in a case, at 2^ 
marks, or with postage 2*9 marks (about 3 shiUnigs). 

Italy. — The Royal Decree of the 26th of September, 1881, by 
which the previous list of infirmities exempting from military servic e 
were modified, rules that reduction of Y. to |^ra of the normal in the 
rig^t eye ; or to ^th in the left eye, although Y. in the right eye 
is up to the normal; if 'caused by organic changes or incuraUe 
disorders of the globe of the eye incapacitates for military service 
in the army of Italy. The existence and degrees of the defects 
must be establislied in a military hospital, must be recognised to be 
irremediable, and their nature must be specified, by a medical 
officer ^killed in their diagnosis. By normal vision is understood 
the Y. which permits objects to be distinguished under a visual 
angle not larger than 6'. 

M. = 6*0 D {f^'\ or higher in the right eye, when accommoda- 
tion is paralysed, incapacitates for military service. 

Hm., such that with Ac. intact, and with the naked eye, there 
is not the power, under binocular vision, and at a distance of 0*30 m. 
(12 inches), to read printed characters of one millimetre in hei^rht, 
or to distinguish signs and objects of like dimensions ; and tnat, 
with Ac. paralysed (total H.), amounts to 6*0 D in the right eye, 
exempts from miUtary service. 

Ast, such that Y. in the right eye is reduced below Jrd of normal 
v., also renders unfit for military service. 

The existence and degrees of the refractive defects above men- 
tioned mu^t be certified in a military hospital after employing all 
the scientific means available, including ophthalmoscopic observa- 
tion and, when needed, atropinisation. 

As regards refractive defeat, whatever may be its degree, if the left 
' eye only is involved, it does not cause exemption from military service. 
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Aoatria — The AnBfrian Eecnlitine Regulations of 1883 .{" lu- 
atruktion zur aerztliehen Untersucoung der WelirpflirJitigBn,"' 
Wien, 1883) ^ive more precise directiona ns regards visual limite of 
fitness for military service thau previuua regulations on t!ie subject. 
The necessary risuai power (V.) which was befoi'e at the discretion 
of indiviUii&l examiners, is fixed by them. It is tneutioned iu them 
that Saeliea'a types and objects, metriivUly numbered, have been 
introduced as sight-teats. 

Beduction of V., but leaving more than one-half of normal V., 
does not incapacita,te men for military service who are fit in other 
reapects ; reduction of V., but leaving more than J normal V. in tlie 
riffht eye, accoinpanied by reduction of V. to less than ^, or even to 
jfi of normal V. in the left eye, incapacitates for general military 
service, but does not incapacitate for the Purveying and Clothing 
Departments auJ certain other portions of the army ; reduction of 
V. to less than i in the better of the two eyes incapacitates for 
uiUtary service, but only after subsequent confirmation. 

M. with n. distant point of distinct Y. at 12 inches from the eye, 
or beyond, does not cause un&tness for militaiy service. M. with a 
distant point limited to 8 inches, if V. is good, though rendering 
unfit for general military service, does not incaiiacitate for service 
as medical officers, dispensers, in the clothing and administrative 
IDepartments, or as one-year volunteers. M. with a far point of 
12 inches or less, if the man is able to reail printed letters, or recog- 
nise figures of jrd of a Vienna line in height and breadth at any 
iliatuiae from the eye when wearing concave 4-inch spectacles, 
determines unfitness for militaiy servicH. If the man is able to reaii 
the test-objects uuder these conditions, he gives a positive proof that 
he is myopic beyond the limit of fitness, ie., beyond ,' th. If, 
although myopic, the man cannot read the print with the - 4' 
spectacles, lie ie to be sent to a military hospital for further scientific 



H. of such a degree that t!ie man is able to read printed letters, 
or racogiiise other characters of 1 Vienna line in height, and of 
corremonding breadth at a distance of more than 12 inches from the 
eye when wearing -|- 6" spectacles unfits for service. Experience luts 
proved that hypermetropic persona can comply with this teat only 
when their H. is above jth. If the hypermetrope cannot satis^ 
this teat, further special examination is to be made at a military 
hospital. If H. is not so high in degree as Jth, it does not cause 
unfitness for military service. 

Strahismus affectiug either eye, if its central visual power is less 
than i of normal V., determines unfitness ; strabismus affecting the 
left eye, if its visual power is more than J of normal V., does not 
cause unfitness for military service. 

Belgium. — The latest Belgian regulations determine that redue- 
tioa of V. ill the right eye to jrd of normal V. causes exemption 
from military service. Eednction of V. even beiow this limit in the 
left eye, by itself, does not cause exemption. Blindness of either 

je ^uses unfitness for military service in the Belgian army. 
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M. of right eye, after panJyris of Aa, » 6*0 D (^"y or above 

caoaes unfitness for military serrioe. M. of eyen higher degree^ in 
the left eye, does not by itself warrant exemption from service. 

H. of right eye, after paralysis of Ac, = 6*0 D or -above, cansQs 
unfitness for military service. H. of even higher degree in the left 
eye does not by itseft warrant exemption from service. 

Strabismus, with considerable contraction of the visual field, 
exempts from military service. 

Switzerland. — The Swiss Army Beffulations lay down ihe rules 
that the minimum of V. for the artillery is 1 ; for the infantry is 
Jths ; and for all other troops is J of normal V. All men in whom 
deficiency of V. may be corrected by ordinary -h or — spherical 
glasses, and brought to a standard of | up to normal Y., are ruled 
to be fit for milits^ service. They are permitted to wear spectacles, 
y . less than h incapacitates for service, excepting as regards medical 
officers, in whom V. = J is tolerated. Whenever V. m one eye is 
normal, Y. in the other may be as low as ^th ; but, unless the eye 
with normal Y. is the right eye, such men cannot be employed as 
riflemen. 

Either M. or H. of higher decree than 4*0 D (iV inch), exchides 
from service in infantry or cavalry, even although it admits of cor- 
rection by glasses. 

Ast. is judged under the general rules for Y. 

Denmark. — The rules in the Danish army are the following : — 

Y. below |th (^^ Snellen) incapacitates for military service. 

M. up to ^ (2-25 D) for combatants, and from t^ to J (2-60 D to 
5*00 DJ for other troops, does not incapacitate for military service ; 
above Jth (5*00 D) uimts for service. 

H. up to ^ (4*50 D^ for combatants, above this degree for other 
troops, incapacitates for military service. 

Ast. is judged by the standard of visual acuteness. 

Spain and Portusal- — In the Portuguese armV) M. of sueh a 
degree that the man can read or distinguish small objects at a dis- 
tance of 0*25 ra. (10 in.) with classes of — 8*0 D, concave 5 in. or 
higher, and can see distant objects through fflasses oi — 7*0 B, 
concave 6 in., unfits for military service, fii the Spanish army M., 
characterised by the possibilitv of reading small priiited characters 
at a distance of 0*35 m. (14 m.) with classes of — 6*0 D, concave 
6'66 in., and being unable to distinguiSi them with — 2^) D, con- 
cave 20 in., exempts from military service. No precise rules aj^tear 
to be laid down as regards H. or Ast. ii^ the Iteg[ulation8 ai either 
the Spanish or Portuguese armies. 
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